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ABSTRACT

Analysis methods, developed in Phase Ii, for predicting cyclic creep deflection

in stiffened panel structures, were applied to full size panels. Results were

compared with measured deflections from cyclic tests of thin gage L605, Rene' 41,

and TDNiCr full size corrugation stiffened panels for which data were available in

the literature. Empirical equations used in the analysis were developed for each

material based on correlation with tensile cyclic creep data during Phase I of the

program.

Based on results from the study, a design criteria is formulated for metallic

TPS panels subjected to creep. This criteria addresses TPS design considerations,

data requirements for creep analysis, and creep deflection analysis. Also included

in this report are the users'information and listing for the TPSC (Thermal Pro-

tection System Creep) Computer Program developed to calculate creep deflections.
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FORWARD

This report was prepared by McDonnell Douglas Astronautics Company - East

under Contract NAS 1-11774 for the National Aeronautics and Space Administration,

Langley Research Center, Hampton, Virginia. It was administered under the

direction of the Materials Division, Materials Research Branch, with

Mr. D. R. Rummler acting as the technical representative of the contracting office.

The McDonnell Douglas program manager was Mr. J. W. Davis. Mr. B. A. Cramer was

responsible for structural considerations, analytical methods, and data analysis.

The TPSC Computer Program analysis approach was initiated in the MDAC-E

Advanced Structural Technology Group by Mr. O. R. Otto and Mr. J. K. Lehman.

Mr. B. A. Cramer was responsible for development of the TPSC program under the

contract. Mr. M. B. Gedera assisted in programming the TPSC program.
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i. SUMMARY

Presented in this report are the results of both the Phase III and Phase IV

contract phases. Phase III was directed at correlating results of full size panel

cyclic testing based on material cyclic creep response behavior determined in

]'base I studies (Reference i) and analysis capability developed in Phase II

(Reference 2). Full size panel data for this effort, were obtained from the

literature. Phase IV effort was directed at summarizing program results into a

TPS panel design criteria. Phase III is presented in Sections 2 through 4 of the

report and Phase IV is presented in Section 5. The Users information and listing

for the TPSC (Thermal Protection system Creep) Computer Program developed during

Phase II are presented in Appendices B and C respectively.

Comparisons of predicted and test deflections are presented for L605 panels

and Rene' 41 panels tested at McDonnell Douglas Corporation and for Haynes 25

(L605) and TDNiCr panels tested at Grumman Aerospace Corporation.

Resulting predictions for the L605 and Rene' 41 panels provided good correla-

tion with test results. For both materials there was approximately a factor of

two difference between test deflection results for two identical panels tested

_imultaneously. No explanation for this difference could be determined, Pre-

dictions for these panels were made both at the center, where temperatures were

l,ighest and at the panel transverse edges where temperatures were somewhat lower.

For the L605 panels the predicted center deflections were approximately 20% less

than the lowest panel test deflection agreed closely with the average test

(leflections. For the Rene' 41 panels the predicted deflection was very close to

vhe higher of the test deflections at the panel center. Sensitivity of predicted

deflections to variations in material gage and test temperature was demonstrated

for the Rene' 41.

iii
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Predictions for the Haynes 25 panel and TDNiCr panel were both low in com-

parison to test deflections although considerable variation was evident in the data

measured for four spans on the TDNiCr panel and the prediction was within the data

range. This variation in test data could not be accounted for by temperature

variations in the panels. The trend in the prediction relative to test deflections

as a function of cycle for TDNiCr was shown to be consistent with prediction

capability of the empirical cyclic creep equation. Test deflections for the Haynes

25 panel were two times higher than predictions.

iv
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1.0 INTRODUCTION

One of the design requirements of reentry vehicle metallic thermal protection

systems (TPS) Is that deflections, occurring during ascent and entry mission

phases, due to differential pressure and thermal loading, do not exceed design

limits. These deflection limitations are established to maintain the aerodynamic

shape, minimize localized aerodynamic heating and to minimize the need for panel

refurbishment. Because deflections include permanent deformation due to creep,

methods for predicting these deformations are needed.

Several arrangements of metallic TPS components have been investigated in the

coures of previous spacecraft studies. The baseline design used in the McDonnell

Douglas Phase B Shuttle Study Program Is shown in Figure i-i. Radiative metallic

panels form the outer moldllne. These panels are backed by fibrous insulation

blankets. Differential alr pressure loads on the panels are transmitted by beam

bending to transverse support beams located at approximately a 50 cm (_20 inches)

spacing. Retaining straps are attached to the transverse support beams and retain-

ing straps. Longitudinal Joints between panels provide normal-to-panel shear

continuity between adjacent panels, preventing Joint gapping by forcing adjacent

panels to deflect simultaneously under applied loads. Transverse support beams

transmit loads to support struts which carry the loads to primary load carrying

structure. Drag links, spanning diagonally between transverse support beams and

primary structure, provide support structure system stability and carry longitudinal

loads.

During Phase I (Reference I) of this program, the influence of cyclic entry

conditions on creep response was investigated for four material alloys: TI-6AI-4V,

Rene' 41, L605, and TDNiCr. Analysis of tensile creep test data during this phase

resulted in empirical equations, for each material, which describe cyclic creep

I-i
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FIGURE 1-1 TYPICAL METALLIC THERMAL PROTECTION SYSTEM STRUCTURE
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response characteristics as a function of stress, temperature, and time. These

equations were used in conjunction with the time and strain hardening theories of

creep accumulation to investigate creep prediction capability for cyclic trajectory

_tress and temperature profiles.

Phase II (Reference 2) was directed toward developing and verifying capability

;or prediction of creep deflection in metallic heat shields subjected to cyclic

entry environments.

A computer program, Thermal Protection System Creep (TPSC) was developed for

predicting beam creep deflections (Appendix B and C). This program offers an approach

to creep predictions through application of iterative techniques and numerical

integration. In the analysis, panel length is divided into segments over which

bending moments are assumed constant and panel depth is divided into increments

,_ver which stresses and strains are assumed constant. Using a linear strain

assumption, beam rotations are iteratively determined, based on either the time

hardening or strain hardening theories of creep accumulation. Material cyclic

(-reep response properties were defined by empirical equations developed from tests

of tensile creep specimens in Phase I. The TPSC program capability includes

Jefinition of temperature as a function of beam length and depth, application of

,_iLher the strain hardening or time hardening theory of creep accumulation, and

he application of bending distributions for a full size panel based on the edge

_tiffness and the longitudinal and transverse panel stiffness. Program output

includes defintion of both elastic and creep deflected shapes, residual stresses,

_nd creep strains as a function of cycle.

Seventeen subsize panel specimens, 6.35 cm by 3.05 cm, were tested to provide

.:reep deflection data for verification of prediction capability. Corrugation cross

_ectJon specimens were fabricated for test using thin gage (_.O25 cm) L605, Rene' 41,

Ti--6AI-4V, and TDNiCr sheet material. Rib cross section specimens were also

1-3
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fabricated for test using thicker gage (_.060 cm) L605 and Ti-6AI-4V sheet material.

These materials were procured for use both in Phase I and II. Each test consisted

of cycling the panel for up to i00 entry thermal and bending load profiles represen-

tative of Shuttle entry missions. Testing was conducted in a vacuum furnace, using

a load mechanism specifically designed to apply a two-point panel load that would

be independent of panel deflection. Permanent deflections, due to creep, were

measured as a function of cycle.

Comparisons of subsize panel creep deflection predictions with test results

were made. Generally, good correlation was obtained between predicted and test

deflections.

The objective of the program Phase III effort was to analyze full size panel

creep data obtained from available test programs and to compare test results with

prediction using methods of analyses developed during Phase I and II. Every effort

was made to include all possible variations that could be ascertained from the

documentation that might affect creep response so that as much confidence as

possible could be associated with the comparison of predicted and test results.

To this extent, the documented test data and results are summarized in this report.

In addition, loads, temperatures, and panel geometry data required for creep

analysis are reported.

The international system of units (SI) are used in this report. U.S. Customary

Units are also generally provided. Applicable conversion factors are presented in

Appendix A.

1-4
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2.0 Background from Phase I and II

During Phase I and II of this program, the influence of cyclic entry conditions

on creep response of L605, Rene' 41, TDNiCr, and Ti-6AI-4V were investigated and

prediction capability for TPS panel creep deflections was developed. These cyclic

creep data and analysis methods have been applied in the evaluation of full size

panel test data in Phase III. Presented in this section are discussions of Phase I

and Phase II results as they apply to the Phase III evaluation of full size L605,

Rene' 41, and TDNiCr TPS panel test data.

2.1 PHASE I - CYCLIC TENSILE TESTING

In Phase I, thin gage tensile specimens were tested under cyclic loads and

temperatures. Initially, creep response data were generated in what was designated

as series of basic cyclic tests. These tests were conducted using the stress and

temperature profiles shown in Figure 2-I where the time per cycle was twenty

minutes and the time between cycles (required for heat up and cool down portions

of the profile) was 35 minutes. For each material, tests were conducted at three

stress levels at each of four temperatures covering the range of temperature

applicability for the respsective materials.

Test temperature ranges were 978K (13OOOF) to 1255 (18OO°F) for L605, 1033K

(1400°F) to I155K (1620°F) for Rene' 41, and I089K (1500°F) to 1478K (2200°F) for

TDNiCr. Stress levels were selected at each temperature to yield i00 cycle

creep strains of up to approximately 1%, the range of interest in analysis of TPS

panels.

Analysis of cyclic tensile test data for each material resulted in empirical

equations describing cyclic creep response characteristics as a function of stress,

temperature, and time. These equations are presented in Table 2-1. Each equation

represents a fit of cyclic data based on regression analysis. For each material
2-1
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STRESS- TEMPERATURE

TEMPERATURE
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L._ I TIME I
TIME/CYCLE-_BETWEEN---- I

CYCLES

TIME

FIGURE 2-1 STRESS AND TEMPERATURE PROFILES FOR PHASE I TENSILE CYCLIC CREEP TESTS
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considerable effort was directed toward determining appropriate equation forms,

including stress, time and temperature interaction terms, to provide a "best fit"

over the entire range of data resulting in the different equation forms shown.

Typical comparisons of the tensile cyclic data and empirical equation predictions

for each material are shown in Figures 2-2 through 2-4. Generally, the TDNiCr

specimens failed at creep strains below .15%.

Because the empirical equations presented in Table 2-1 were derived from i00

cycle testing for 20 minutes at load per cycle, the total time of applicability of

each of the equations is 33.3 hours. In the analysis of TPS panels subjected to

mission load and temperature profiles, the profiles are "idealized" by dividing them

into steps of constant load and temperature. To investigate the applicability of

the empirical equations to these profiles, tests were also conducted for each

material using the profile shown in Figure 2-1 with a ten-minute per cycle time at

load and peak temperature. Results of these comparisons for each of the i0 minutes

per cycle and 20 minutes per cycle materials are shown in Figure 2-5 for equal

total time at load. Because close agreement between these test data was obtained,

the equations are considered to be applicable in analysis of idealized mission

profiles where smaller time steps are used. Also, this total time of equation

applicability of 33.3 hours will be important in the analysis of test data where

longer times of the stress and temperature profiles may result in a reduction of

the number of cycles over which the equations are applicable.

Cyclic tensile tests were also conducted where stress was varied as a function

of cycle (stepped stress tests) and where stress and temperature were varied within

each cycle (mission profile tests). These test data were used to evaluate the

applicability of the time and strain hardening theories of creep accumulation.

Comparison of predicted creep strains using these hardening theories in conjunction

with the empirical equations indicated that neither theory consistently provided

2-4
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good predictions. Comparison of strain hardening and time hardening predictions

with L605 cyclic tensile data showed that the strain hardening theory provided the

best predictions for tests where stress was continually decreased as a function of

cycle and the time hardening theory provided the best prediction for tests where

stress was continually increased as a function of cycle. Therefore, an approach

was proposed where both strain hardening and time hardening theories were used at

each analysis step depending on whether the creep strain rate decreased or

increased, respectively. Although this improved predictions for the L605 mission

profile trajectory tests, it did not improve prediction for the other materials.

For Rene' 41, predictions based on the time hardening theory of creep accumula-

tion were generally considered best. Predictions based on the strain hardening

theory of creep accumulation were found to be approximately the same as for time

hardening in predicting strains for testing where the stress was continuously

increased as a function of cycle. Both predictions were close to test values. For

specimens where stress was continually decreased, the time hardening predictions

were up to 30% higher than test strains. However, predictions based on strain

hardening were even higher, up to 75% higher than the time hardening predictions.

Predictions of creep strains for TDNiCr trajectory profile tensile tests using

the cyclic creep equation, were found to be from 30% to 70% of test strains at iO0

cycles. The applicability of hardening theories used in panel analysis will

significantly effect prediction capability.

Another variable considered in Phase I tensile creep testing was the possible

effect of recovery phenomena. To investigate this, tests were conducted where the

stress profile was maintained for a longer period of time while temperature was

being decreased rapidly, as shown in Figure 2-6(a). These comparative tests were

conducted on L605 and Rene' 41 tensile specimens. Test results, shown in Figure

2-6(b), indicated that no variation in creep strains could be determined for the
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L605 specimens, as indicated by the strain-time data plots. However, Rene' 41 creep

strain results were consistently higher for each of three specimens tested. These

results, plotted as a function of the stress levels, at i00 cycles are shown in

Figure 2-6(c). This variation in creep strains for Rene' 41 was greater than

expected based on data scatter as determined in the development of empirical

equations. From these results it is difficult to draw conclusions as to the

differences between the mission profile test results and predictions based on

empirical equations developed for the twenty minute per cycle stress level. How-

ever, it has been demonstrated that an effect, due to possibly a material recovery

phenomena, may exist to different degrees in the different materials, which may

effect panel deflection predictions.

The empirical cyclic creep strain equations developed in Phase I were based

on tests conducted on the thin gage sheet specimens (_.025 cm) for each material.

Initially in Phase I, steady state tests were conducted on both these thin gage

materials and also on specimens from a sheet thickness of .064 cm. An effect of

gage on creep response (thin gages creep faster) was noted in the L605 steady state

tests and also in steady state data obtained from the literature. This effect

is attributed to a change in material processing at about t = .064 cm. This type

of effect is discussed here to point out possible effects from sheet to sheet and

due to thickness which may effect prediction capability in applying empirical

equations developed on this program to panel tests from other programs.

For each of the alloys, cyclic tensile creep tests were conducted in Phase I to

obtain data for the assessment of possible effects of atmosphere pressure on creep

response. To provide these data, replicate tests were conducted, using idealized

mission stress and temperature profiles. However, atmospheric pressure was held

constant at 1.33 Pa, in one of the tests while a mission pressure profile was

2-10
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L _pplied in the other test. In each case variations in creep strain results were

re]atively small and were considered within the range of scatter for replicate tests.

Therefore, no effect was attributed to atmospheric pressure.

2.2 PHASE II - PREDICTION AND VERIFICATION OF PANEL CREEP DEFLECTIONS

Phase II was directed toward developing and verifying capability for prediction

of creep deflections in metallic heat shields s11bjecte_ to cyclic entry environments.

A computer program, Thermal Protection System Creep (TPSC) was developed for

predicting beam creep deflections and was used to predict results of subsize panel

testing. Details of this work have been reported in the Phase II Summary report

(Reference 2) and in the TPSC Program User Manual (Appendix B). This program

offers an approach to creep predictions through application of iterative techniques

and numerical integration. In the analysis, panel length is divided into segments

over which bending moments are assumed constant and panel depth is divided into

increments over which stresses and strains are ass_,led constant. The single skin

corrugation TPS configuration with a skin bead, is automatically idealized through

appropriate geometry input to the program. All of the full size panels analyzed

in Phase III were of this configuration.

Using a linear strain assumption, beam rotations are iteratively determined,

based on either the time hardening or strain hardening theories of creep accumula-

tion. Material cyclic creep response properties developed from tests of tensile

creep specimens in Phase I were used in the analysis and because the time hardening

approach provided more consistently the best predictions of subsize panel data in

Phase II, it was used for analysis purposes in Phase III. The TPSC program capa-

bility also includes definition of temperature as a function of beam length and

depth, and the application of bending distributions for a full size panel based on

t]le edge stiffness and the longitudinal and transverse panel stiffness. The
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capability of including temperature as a function of panel length was utilized in

analysis of the Reference 3 studies (Section 3.1) where temperature distributions

were known.

Moment distributions are internally defined based on uniform pressure loads

and simple panel supports. In addition, the moment distribution can be automatically

calculated as a function of panel edge stiffness and the ratio of panel stiffness

in the longitudinal and transverse directions. This option is based on combining

solutions for an isotropic plate with two sides simply supported and two sides

elastically supported as offered by Timoshenko (Reference 4) and the solution for

an orthotropic plate with four sides simply supported as offered by Lekhnitskii

(Reference 5). This option provides a first order approach to account for Poisson's

effects in orthotropic plate structures. However, this option was not applied to

the analysis of full size panel data in Phase III because of the large ratio of

longitudinal to transverse stiffness for corrugated panels analyzed and because of

the general lack of edge stiffness in the test panels. Edg e stiffness was gener-

ally minimized in the full size panel tests to simulate as closely as possible

actual entry vehicle panel conditions.

Both pressure and temperature load inputs are based on idealization of the

test profiles into discrete time steps. During Phase I, cyclic tensile tests were

conducted for both mission profiles and idealized profiles. Comparison of test

results indicated that a minimum number of steps (4 steps used in Phase I testing)

provided good correlation of results.

The following basic assumptions are made in the analysis:

a) Only bending stresses are considered in the analysis. Deflections due to

shear are assumed negligible.
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b) Total creep strain plus elastic strain distributions through the panel

depth are linear.

c) Load and temperature distributions and calculated deflections are assumed

symmetrical with respect to the panel centerline

d) Creep response equations, defined by the user, are assumed to be applic-

able for both tensile and compressive stresses. In addition, the equations

developed based on Phase I cyclic testing are assumed to be applicable for

the sheet material used in fabrication of the full size panels.

e) Stress distributions are assumed uniform in the horizontal thin gage

sections of the panel cross sections. In particular, the thin gage skin,

loaded in compression, is assumed to carry load uniformly (except as

altered by the My/I distribution in the bead) across the pitch length.

It is difficult to determine how much each of these assumptions might influence

the predictive capability of the TPSC program. The first three of these assumptions

probably are the most applicable to the analysis. The last two assumptions are of

most concern as to applicability. Certainly the scatter documented in literature

for sheet to sheet variations in creep response as well as variations in TPS panel

skin stress distributions evidenced through strain gage data (References 3 and 6)

and the occurrence of skin buckling (References 2 and 3) noted in TPS panel test-

ing will effect creep deflections. Applicability of the hardening theories to the

real material response will also be an unknown in the full size panel analysis.

Even with all of these assumptions considered, the TPsC computer program has

been demonstrated to provide needed capability for prediction of permanent

deflections, due to creep, in entry vehicle metallic thermal protection system

panels subjected to complex cyclic loading conditions. The TPSC program is written

in Fortran IV and is operational on the CDC 6600.

2-13

MCDONNELL DOUGLAS A$_rRONAUTICS COMPANY- EAST"



_P_R_EDICTION O F CR EEP IN
VMETALLIC TPS PANELS

PHASE II!
SUMMARYREPORT

NAS-1-11774

!

i
!

i
l
J

Four L605, three Rene' 41, four Ti-6AI-4V, and two TDNiCr subsize (6.35 cm by

30.5 cm) corrugation stiffened TPS panels were tested to provide creep deflection

data for verification of prediction capability in Phase II. These specimens were

fabricated using thin gage (approximately .025 cm) sheet material, however, the

section geometry was more compact (pitch = 1.91 cm and depth = 1.27 cm) than those

found in the full size panel testing. In addition, no skin bead was used in the

subsize panels. Rib cross section specimens were also fabricated for test using

thicker gage (_.064 cm) L605 and Ti-6AI-4V sheet material.

Testing of subsize panels was conducted in a vacuum furnace, using a load

mechanism specifically designed to apply panel bending loads that would be

independent of panel deflection. Permanent deflections, due to creep, were

measured as a function of cycle. Each test consisted of cycling the panel for up

to i00 temperature and bending load profiles representative of Shuttle entry

missions. Two types of cyclic profiles were used. The first consisted of a

constant load and temperature applied for twenty minutes, with heat up and cool

down periods at zero load yielding total cycle time of fifty five minutes. Two

L605, two Rene' 41, three Ti-6AI-4V, and one TDNiCr subsize panels were tested

to this type profile. The second type of profile consisted of mission temperature

and load profiles for the same total cycle time as for the constant load cycles.

The remainder of the seventeen panels (four L605, one Rene' 41, three Ti-6AI-4V,

and one TDNiCr) were tested to these mission profiles.

Comparisons of the subsize panel creep deflection predictions with test

results were made in Phase II (Reference 2). Predicted deflections, as a function

of cycle, for the L605 subsize panels tended to be lower than test values for

approximately 15 cycles and then increase to higher than test values by the con-

clusion of the test. This same trend was noted in the comparison of tensile
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creep data and empirical equation predictions. Predicted panel _reep deflections

obtained using the time hardening theory of creep accumulation were found to

generally yield the best predictions. Predicted deflections for :he Rene' 41

panels generally were not as close to test values as had been demonstrated in the

case of L605. Again, the time hardening theory of creep accumulation provided the

best deflection predictions, although these predictions were lower than test data

for the mission profile and higher than test data for the constant load and

temperature profiles. Predictions for the Ti-6AI-4V panels generally agreed with

test results. The shape of the predicted deflection curve as a function of time

(or cycle) was in good agreement with the test data which is consistent with the

prediction capability of the empirical equation for Ti-6AI-4V. Predictions for

the TDNiCr subsize panels were a factor of two high in one test and a factor of

two low in the other test. No rational was determined for this apparent incon-

sistency although all deflections were small (_.05 cm).

2-15

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST





_- i!ili

i,

_-J_VMETALLIC TPS PANELS

PHASE III NAS-1"11774

SUMMARY REPORT

3.0 ANALYSIS OF FULL SIZE PANEL DATA

The Phase III effort consists of evaluation and analysis of full size panel

data. In each case, analysis consists of the idealization of test load and

temperature profiles and calculation of the TPS panel deflections using the

material cyclic creep properties developed in Phase I and creep deflection pre-

diction methods developed in Phase II.

Four sets of panel data were evaluated in this phase. These data were for

L605 panels and Rene' 41 panels tested at McDonnell Douglas Corporation (Reference

3) and Haynes 25 (L605) and TDNiCr panels tested at Grumman Aerospace Corporation

(References 6, 7 and 8). Although it was desirable to evaluate data on panels

for each of the four materials studied in Phases I and II, no test data on testing

of full size titanium TPS panels were found.

3.1 SSTP PROGRAM L605 AND RENE' 41 PANELS

The SSTP program (Supplementary Structural Test Program) was a supplement

to the Space Shuttle System Program Definition, conducted at McDonnell Douglas

Astronautics Company - East. This program consisted of designing, fabricating,

and testing of Space Shuttle primary structure and thermal protection systems.

Purposes of the program were to verify feasibility of design concept, provide

design data, demonstrate producibility, demonstrate reusability and verify unit

weight predictions. Included in this program was the testing of L605 and Rene' 41

full scale metallic TPS panels.

Each test assembly consisted of two test panels, smaller side panels to

provide proper boundary conditions, support beams and struts, and a section of

simulated tank structure. Figure 3-1 shows the test assembly. The two primary

test panels are each 50.8 cm. x 50.8 cm (20" x 20"). The 12.7 cm (5 in.) wide
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side panels simulated the boundary conditions by isolating the primary

panels from the water cooled test fixture. The support beams for the panels were

50.8 cm (20 in.) apart. The panels were supported by "hat section beams and

retaining straps with sufficient clearance to permit free expansion. The beams in

turn were supported by tubular struts and drag links. Figures 3-1(a), 3-1(b), and

3-i(c) show the details of this construction. The beam also supported the insula-

tion packages. To accommodate thermal expansion, the panels were mounted with

slip fit joints. For the analysis, the panels were assumed to have simple supports

at the edges because end fixity and friction were difficult to define.

The panels of both materials were the same basic design; single faced,

corrugation stiffened, with beaded face skins and reinforcing doublers on the ends

of the corrugations. The doublers served a dual purpose. They not only stiffened

the corrugation ends, but they were also made thick enough so that after assembly

a light machine cut could be taken across the doublers to make a close tolerance

uniform thickness panel. Panels differed in corrugation depth as shown in

Figure 3-1(d). The shallow beads in the face skins were designed to relieve the

stresses caused by the thermal gradients. Heat treatment of the L605 and Rene' 41

panels were performed in two phases. For the first phase the panels were heated

in air, without any restraining fixtures, so that a high emittance oxide coating

would form on all surfaces. The panels were then clamped and heated a second time.

These coating and straightening operations were incorporated into the normal heat

treating sequence for the materials.

Testing consisted of exposing the structures to repeated cycles of simulated

mission environment. Each cycle consisted of exposure to assent pressure, entry

pressure and temperature, and cruise pressure, as shown in Figures 3-2(a) and (b)

for L605 and Rene' 41 panels respectively. Blocks of these cycles were followed

by blocks of acoustic test cycles.
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The programmed TPS differential pressure levels were met during the entry

phase of the mission. Launch differential pressure levels were usually 35% low

and cruise differential pressures were 50% low due to high TPS panel leakage.

The Rene' 41 TPS panel was subjected to the complete iO0 mission program, while

the L605 panel was exposed to 30 temperature-pressure tests and IOO acoustic tests.

Throughout each cycle the panel temperatures, not influenced by the joint, were

controlled during heating. The cooling portion of the mission, however, was

uncontrolled and in all cases cooled somewhat faster than expected. The lamp

array used for heating the panels was made in sections creating an unavoidable

gradient in the panels. Thermocouples were positioned so this gradient could be

measured.

As part of the periodic inspections, the surface of the panels were mapped

to detect any warpage or permanent set caused by the simulated missions. The

aft panel on each of these assemblies deflected more than the forward panel.

There was no obvious explanation for this difference, although it was probably

caused by some phenomena associated with the test set-up. It is possible that the

time at temperature for one panel was consistently slightly longer than the other.

The following sections describe the effort in evaluating data and in provid-

ing cyclic creep deflection predictions for these L605 and Rene' 41 TPS panels.

3.1.1 SSTP PROGRAM L605 PANEL

SSTP L605 temperature data (Reference 3) were reviewed to define actual panel

temperature distributions which would be applicable to the panel analysis. The

data points for several representative cycles are used in developing the tempera-

ture variations shown in Figure 3-3. As indicated in the referenced report, the

influence of the lamp Bank splice was approximately 30K (~50°F). Variation is

noted between the panel edge and center temperature levels, however, no significant
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difference can be detected between the forward and aft panels at either the center

or edge locations.

Analysis of the panels was conducted for the reentry portion of the mission

profile (Figure 3-2(a)). This profile was idealized into five constant tempera-

ture and differential pressure steps as indicated in Figure 3-4. Analysis was

based on using the panel temperature distributions from Figure 3-3 defined as a

function of time by the profiles in Figure 3-4.

Comparisons of creep deflection predictions with measured deflection data

are presented in Figure 3-5. Considerable effort was given to evaluation of the

creep deflection test data. A significant amount of variation was noted as

indicated in the plots of Figure 3-5. Therefore, it is difficult to draw conclu-

sions as to the prediction capability. A careful review of the reference 4 data

did not reveal any differences which would account for the variation in deflection

between the forward and aft panels as indicated in Figure 3-5(a). The prediction

shown is based on the maximum of the temperature range shown in Figure 3-3 at the

panel center. Analysis conducted using the minimum value of the temperature range

resulted in approximately a 10% lower creep deflection prediction. The prediction

shown for the panel edge in Figure 3-5(b) is based on the corresponding temperature

distribution in Figure 3-3. Predicted deflections are based on the same unsup-

ported span length (45.7 cm) and referenced measurement length (41.3 cm) as used

in the SSTP Program. Data used in the analysis are presented in Tables 3-1(a),

(b), and (c).
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1178 1214

(1660) (1725)

1178 1214

(1660) (1725)

1173 1209

(1651) (1716)

973 i001

(1291) (1341)

Temperatures and Pressures Along Panel

X=lO.2 X=15.2

1115 1108

(1547) (1534)

1222 1214

(1740) (1725)

1222 1214

(1740) (1725)

1217 1209

(1731) (1716)

1007 1001

(1353) (1341)

K (°F)

X=20.3

1090

(15o2)

X=22.9

1088

(1498)

1194 1192

(1690) (1685)

1194 1192

(1690) (1685)

1194 1187

(1681) (1676)

986

(1314)

(c) Edge

983

(131o)

TABLE 3-1. GEOMETRY AND LOADING DATA USED IN L605 PANEL ANALYSIS
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Initial analysis using a five time step idealization of the temperature and

load profiles (reference Figure 3-4 for L605) indicated that less than 2 percent

of the creep deflection occurred during the first and last time steps due to lower

temperatures than in the other three steps. Therefore, subsequent analysis for

Rene' 41 panels was conducted using the three step idealization of the entry

test profiles as shown in Figure 3-7. The first step at constant peak temperature

was extended in this case by approximately one half minute to compensate for the

deleted two steps.

Comparisons of predicted panel deflections with test data are provided in

Figure 3-8. Three predicted deflection curves are shown for the panel midspan

(Figure 3-8(a)). The two curves of highest predicted creep deflection (designated

A and B) are based on constant panel temperatures of I144K (1600°F) and I128K

(1570°F) corresponding to the trajectory profile (Figure 3-7) temperature and the

minimum panel center temperature distribution (Figure 3-6), respectively. These

two analyses show the effect of this temperature variation on the predicted creep

deflections. Both of these predicted curves are based on skin and corrugation

gages of .0216 cm (.0085 in) and .0140 cm (.0055 in), respectively.

In an effort to demonstrate the effect of gage effects on the creep deflection,

a third analysis was conducted (curve C) using the skin and corrugation gages of

.0254 cm (.0100 in) and .0178 cm (.0070 in). The constant temperature of I128K

(1570°F) was applied, allowing comparison with the corresponding predicted deflec-

tion presented for the thinner gages (curve B). Again considerable variation was

evident in the deflection data for the forward and aft panels tested. Shown in

Figure 3-8(b) is the predicted creep deflection based on the panel edge tempera-

ture distribution defined in Figure 3-6. The panel dimensions, loads, and

temperatures used in the analysis are defined in Table 3-2(a), (h), and (c).
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Fi :¸ i

i
I

i

t

l
DEPTH

.1

i ,L,,],
PITCH _ |

"- BWI D

i1£
•-._ ,. I-, - PHICOR

DEPTH = .97 cm (.38 in)

PHICOR = 35.1 °

PITCH = 3.63 cm (1.43 in)

FLAT =

CURVE / TS =

TC =/
CURVES [TS =

®®@ /

.71 cm (.28 in)

.0254 cm (.0100 in)

.0178 cm (.0070 in)

.0216 cm (.0085 in)

.0140 cm (.0055 in)

PANEL LENGTH = 45.7 cm (18. in)

BWID = 2.62 cm (1.03 in)

BDEP = .28 cm (.ii in)

(a) Rene' 41 Panel Geometry

TIME (MIN)

0-4.2

PRESSURE

K.Pa

(PSI)

l.03
(.]5)

2.20

(.32)

3.45

(.50)

CURVE @

(FIG. 3-8)

TF/_PERATURE (CONSTANT ALONG LENGTH)

CURVE @

(FIG. 3-8)

CURVE @

(FIG. 3-_)

1128 K

(1570°F)

1144 K

(1600 °F)

1128 K

(1570°F)

(b) Temperatures and Pressures Along Panel Center

TIME (MIN)

0-4.2

4.2- 7.0

7.0- 8.0

TEMPERATURE ~ K (°F)PRESSURE

KPa

(PSI) X=O X=5.1

I .03
(.15)

2.20 11oo 1111

(.32) (1520) (1540)

3.45

(50)

(c) Temperatures and Pressures Along Panel Edge

X=10.2 X=15.2 X=20.3 X=22.9

Iiii 1097 1083 1081

(1540) (1515) (1490) (1485)

TABLE 3-2. GEOMETRY AND LOADING DATA USED IN RENE' 41 PANEL ANALYSIS

3-15

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST



_"_P"/_REDICTION OF CREEP IN
_-;fMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-1-11774

3.2 GRUMMAN TDNiCr PANEL

Evaluation of TDNiCr, from the standpoint of creep deflections in TPS panels,

represents a different case than tile other TPS materials because relatively little

creep is evident in this material before failure occurs. Because of these low

creep strains and resulting low test panel deflections, the data have tended to

exhibit a greater amount of scatter.

The TDNiCr panel data evaluated in this section were obtained from Reference

8. The TPS panel tested consisted of a corrugation stiffened TDNi-20 Cr metallic

heat shield backed by a flexible fibrous quartz and radiative shield insulation

system. The test article represents the intersection of two 50.8 cm (20 inch)

square panels as shown in Figure 3-9. Each panel consists of a beaded 0.025 cm

(.010 inch) skin and corrugation. Detail dimensions of the corrugation cross

section, used in analysis for panel deflections, are presented in Figure 3-10.

These panels were tested to 90 cycles of combined pressure and temperature

loading, simulating critical heating and aerodynamic pressure environments

expected during repeated missions of a reentry vehicle. Prior to these 90 cycles,

the panels were subjected to iO cycles of heating conditions only. Typical

thermal distributions determined during these cycles are included in Figure 3-9

at various locations on the panels.

Entry test profiles (Reference 8) and idealizations used in the analysis are

shown in Figure 3-11. For purposes of analysis these profiles were idealized into

the three constant load and temperature steps shown. These temperatures were

assumed to be constant along a panel length of 47. cm (18.5 in.). Analysis of the

corrugation panel geometry under the idealized loads and temperature profiles was

conducted using the analytical methods developed in Phase II (Reference 2). The

empirical creep strain equation (Table 2-1) developed in Phase I, was used in the
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FIGURE 3-10 TDNi Cr TEST PANEL CORRUGATION DEFINITION
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analysis to represent the material creep strain response and the time hardening

theory of creep accumulation was applied.

Shown in Figure 3-12 are comparisons of the predicted creep deflections with

measured permanent test deflections. The test deflections are plotted from

initiation of the combined load and temperature cycles for four midspan locations

referenced to the panel geometry in Figure 3-9. A significant variation is noted

in these test data. In the reference 8 report the variation was attributed to the

slightly higher temperatures observed at locations A and B. In addition it was

noted that there was a significant increase in permanent deflection at locations

C and D, between cycles 1 and 9. This was attributed to residual stresses, built

into the panel during manufacture and assembly as well as thermally induced loads.

Therefore, there remains some question as to the true amount of creep occurring

between cycles i and 9.

The predicted creep deflections indicate a lower rate of creep than observed

in testing. This is attributed to the empirical equation in the stress and

temperature range applied. The analysis showed that approximately 75% of the

creep occurred during the first load-temperature step in the profile (Figure 3-11).

Temperature during this step was 1478K (2200°F) and calculated corrugation outer

fiber stress was approximately 23 MPa (3300 psi). Comparison of Phase I cyclic

tensile creep data with the empirical equation predictions shown in Figure 2-4

also indicate the lower slope of the predicted strains. The wide variation in

creep deflections cannot be predicted, based on the temperature data.

3-20

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST



_/'P'REDICTION OF CREEP IN

_-__I"_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-I-11774

!
1

0.08

0.06

Z

!

z 0.04
9
I--
t_
ill
--J

<

_ 0.02

!

-- Z

o
I--

It.
U,l
r_

D.

0.20
O LOCATIONA |

LA LOCATIONB
17 LOCATIONC REFFIGURE3-9.

,'_ LOCATIOND

TESTDEFLECTIONS

.....• • -'-- PREDICTEDDEFLECTION
T = 1478K(2200°F)

0.08

0.0_

A []

t ..O. .................

I I I I
20 40 60 80 100

CYCLES

FIGURE 3-12 COMPARISONOF TD NiCr PANEL TEST DEFLECTIONS

AND PREDICTIONS

3-21

MCDONNELL DOIJGLAS ASTRONALITICS CON4PANY - EAST



_P_EDICTION OF CREEP IN
VMETALLIC TPS PANELS

PHASE III

SUMMARYREPORT
NAS-1-11774

3.3 GRUMMAN HAYNES 25 PANEL

A Haynes 25 (L605) panel was tested by Grumman Aerospace Corporation and

results presented in References 6 and 7. The panel tested was designated as panel

No. 3 in the references and was segmented, as shown in Figure 3-13, into four

separate test panels. The cross section geometry was single face corrugation

stiffened with a skin bead of approximately 0.25 cm (0.i0 in.) depth. These

panels were supported at the ends (simple support assumed for analysis) over a

47.2 cm (18.6 inch) span and subjected to a uniform pressure profile of 2.42 kPa

(0.35 psi). The temperature profile used in the cyclic testing is presented in

Figure 3-14. Also shown is the two step idealized temperature profile used in

the analysis. Panel geometry and dimensions used in the analysis are provided in

Figure 3-13. For each of the panels, analysis was conducted for two different

temperature levels because of the cycle to cycle test temperature variations as

indicated in Figure 3-15. The tlme hardening theory of creep accumulation was

applied in conjunction with the L605 cycle creep empirical equation (Table 2-1)

developed in Phase I.

Comparison of resulting predictions with the Reference 6 experimental data,

shown for the NE and SW panels in Figure 3-16(a) and (b), respectively, show that

the experimental deflections are considerably higher than predicted. No explana-

tion of this variation between theory and test has been determined based on the

data in the reference.
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4.0 PHASE III CONCLUSIONS

Comparison of permanent cyclic creep deflections, obtained in testing of full

size thermal protection system panels, with predicted values has met with varied

degrees of success. Prediction capability for L605 and Rene' 41 appears to be

reasonably good, although there is much variation in the test data, even for panels

tested simultaneously to the same temperature and load level. Prediction capabi-

lity for TDNiCr appears to be less accurate although recognition of the low creep

rate of TDNiCr has led to minimization of effort on creep response definition

throughout the program. Predictions for the full size panels are summarized in ,

Table 4-1, showing that prediction accuracies cannot, in general, be expected to

be better than a factor of two. These predictions were made using the time harden-

ing theory of creep accumulation.

Resulting predictions of cyclic creep deflection have been shown to be sensi-

tive to both stress level and temperature. This makes prediction capability more

difficult since variations from cycle to cycle were known to occur but may not

have been defined for each cycle. Such factors as an overshoot in temperature for

only one cycle or a few cycles could significantly increase the total test deflec-

tions attained. In addition, the test panels were generally subjected to other

environments such as high launch phase loading and acoustic environments, which

possibly contribute to redistribution of panel relative displacement and variation

in the data.
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TABLE 4-1. SUMMARY OF FULL SIZE PANEL CREEP DEFLECTIONS

TEST PANEL

L605

(Sec. 3.1.i)

30 Cycles

Rene' 41

(Sec. 3.1.2)

i00 Cycles

CENTER

EDGE

CENTER

EDGE

TDNiCr

(Sec. 3.2)

50 Cycles

Haynes 25

(Sec. 3.3)

20 Cycles

RANGE OF

TEST DEFLECTIONS

Cm

.071 - .127

.036 - .066

.127 - .330

•076 - .239

PREDICTION

Cm

.064

.043

PREDICTION AS

% OF TEST

AVERAGE

.013 - .305

.033

• 114

.064

64%

85%

144%

73%

.170 - .290 .100-.120

40%

48%
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5.0 THERMAL PROTECTION SYSTEM DESIGN CRITERIA

During the course of Phases I, II, and III of this program several factors

affecting creep of metallic TPS and considerations in the design and analysis of

metallic TPS have been identified. During Phase I (Reference i) tensile creep

testing was conducted on L605, TI-6AI-4V, Rene' 41, and TDNiCr specimens under

both steady state and cyclic loading and temperature conditions. Test matrices

were established to provide maximum data throughout the temperature, stress, and

strain range of interest with a minimum number of tests. Resulting data were

analyzed to provide empirical equations expressing both steady state and cyclic

creep strain as a function of temperature, stress, and time. Additional tests were

conducted to evaluate other factors influencing cyclic creep strain such as the

applicability of creep accumulation theories and effects of test time per cycle

and material thickness. During Phase II (Reference 2) methods were developed for

predicting creep deflections of thin gage metallic thermal protection system

panels subjected to complex temperature and loading environments. Subsize panels,

fabricated from the same material as used in Phase I, were tested to provide data

for analysis verification. In the analysis of these data, factors such as

sensitivity of the prediction to temperature variations were studied and expected

accuracies were noted. Analysis of full size TPS panel test data in Phase III

provided additional insight into expected analysis accuracies.

This section summarizes program results in a format which can serve as a

criteria in accounting for creep in the preliminary design of metallic thermal

protection systems. In addition to specific information obtained on this program,

applicable experience based on results from other programs felt applicable to

creep of TPS is also included.
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5.1 GENERAL CONSIDERATIONS

Critical Design Conditions

TPS panels must first be sized based on strength and stiffness considerations

over the entire range of flight conditions. The material choice is dictated by

the peak temperatures occurring during entry. Critical design conditions have

generally been found to be peak pressure loads and acoustic loadings occurring at

relatively low temperatures during ascent or cruise conditions. Envelopes of

panel strength and flight conditions such as that demonstrated in Figure 5-1 are

helpful in visualizing the critical conditions for these panels. The example

shows the panel to be critical during cruise where the peak pressure is applied

at low temperatures. The panel strength then exceeds requirements throughout the

remainder of the mission.

Panel Deflections

Deflections which must be considered are elastic deflections of the panel

under applied differential pressure loads, thermal deflections which result from

temperature gradients through the panel depth, and permanent creep deflections

which accumulate throughout the life of the TPS panel. Various allowable deflections

have been established such as those in References 9 and i0 which are shown in

Equation (i) and (2) respectively.

= .25 + .OIL cm (i)

= .25 + .04L [(B.S.-30.5)/280] cm (2)

where B.S. = VEHICLE BODY STATION

These equations provide for maximum deflections of . 75 cm _and 2.25 cm

(@ B.S.=787 cm (310 in)), respectively for a 50 cm (20 inch) long panel. Allowable

total deflections must be established for each system based on the thermodynamic

and aerodynamic requirements.
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The relative importance of thermal deflection has generally not been assessed

in past studies. These deflections will be zero during steady state conditions

where temperatures are uniform through the panel depth. During heating, when the

maximum temperature occurs on the outer surface of the panel, the deflections will

be in the opposite direction from the elastic and accumulated creep deflections.

Panel Replacement and Inspection

In the context of panel deflections, a failure will be an excessive deflection

which requires panel replacement. Requirements for the panel design deflections

will result from trading off refurbishment cost against any weight penalty which

might result from the necessity to resist creep deflections.

It is expected that panels in one area of the vehicle might creep much

faster than in other areas due to particular mission maneuvers, etc. Therefore,

replacement of same panels may be required after each mission. It does not seem

to be desirable or possible to optimize these panels from the standpoint of

deflection over the entire vehicle since the mission requirements will provide

considerable variation in applied loadings from one mission to another and from

one location to another location on the vehicle. Visual inspection with spot

centerline measurements, using a simple bar/dial gage tool would be sufficient

to detect excessive deflections.

5.2 DESIGN CONSIDERATIONS - THERMAL EXPANSION

One of the primary considerations in the design of TPS panels is that the

panel be allowed to expand freely under thermal loadings. Allowances must be made

for thermal expansion both at the panel joints and on the panel surface.

Expansion is generally accomplished at the Joints by fixing the panel at one

end and allowing it to slide longitudinally at the other end. Transverse deflec-

tions are accomplished by slotted holes at both attachment locations and by
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providing for expansion in the longitudinal joints between adjacent panels. Typical

designs can be found in References (3_ and (ll).

Temperature variations along the panel length due to the heat _ink at the

panel support cause thermal stresses in the transverse direction. During heat up

of the panel, the midspan is hotter than the edges at the supports causing com-

pressive stresses at the center and tensile stresses at the edges. These stresses

are reversed during cooldown.

The presence of beads relieves the thermal stresses and prevents thermal

buckling (Reference 12) of the thin skin between stiffeners by allowing the skin

to flex as thermal expansion occurs. Analysis can be used to define required bead

depths. Particular attention should be given to the approach for closing out the

bead near the panel ends. Testing (Reference 3) has shown that cracking can occur

in the skin at the tips of the beads where the beads are transitioned into a

flat skin. It would be desirable from this standpoint to extend the bead to the

panel ends. This, however, complicates the design at the panel joints.

5.3 DATA REQUIREMENTS FOR CREEP ANALYSIS

During Phase I (Reference i) testing was conducted under both steady state

and cyclic conditions to evaluate the creep response characteristics of the

materials studied and to provide data for use in the analysis for panel creep

deflections. During these studies considerable effort was directed at obtaining

the required test data.

Test Matrix - Basic Data Required

One of the objectives in evaluating creep deflections should be minimizing

the required testing. However, it is of interest to cover the complete range of

stress, temperature, time, and strain required to provide an adequate material

response definition for use in the analysis. The analyst does not want to be in
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the position where extrapolation of the available data is required.

The range of strain which is required will be dependent upon the criteria

for allowable deflection used. As an example of possible calculations it could

be assumed that creep deflections obtained in testing will be approximately 50%

of those obtained using a linear creep stress-strain assumption. This assumption

tends to account for the redistribution of beam stressed due to nonlinear creep

strain-stress properties. The assumption is expressed in the following equation:

A AEC
-- _ IS --

_ EEc

where: AE = BEAM midspan elastic deflection

SE = Maximum midspan elastic strain (extreme fiber)

A = Beam midspan creep deflection
C

= Maximum midspan creep strain (extreme fiber)
C

Applying this equation and assuming an elastic deflection based on a uniform

pressure loading the following equation can be derived for creep strain at the beam

midspan.

2A 2A WL 2 --
c c _ AY

C

e = -- eE = -- = 19.2 --
c AE 5 WL 4 8 E1 L 2

384 EI

Where: W = Beam pressure load

L = Panel length

E = Elastic modulus

I = Panel moment of inertial _

Y = Maximum distance from neutral axis to extreme fiber

For a full size panel of 50 cm length, Ac = .75 cm (based on .25 + .OIL cm

criteria), and Y = 1.5 cm, the required creep strain would then be .86%.
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It is of interest to note that if this calculation was carried out for a

shorter TPS panel, the creep strain required to attain the same creep deflection

is higher because the strain is inversely proportional to the square of beam

length. Therefore, use of a deflection criterion with subsize panels results

in requirements for greater creep strains than would be attained in a full size

panel under the same criterion.

Test matricies can be established on stress-temperature charts upon which

approximate constant strain lines can be drawn. In the Phase i studies (Reference

i) these were based on evaluation of steady state literature survey data. Typical

designs for the test matricies are shown in Figure 5-2 based on the Reference L605

evaluation. Requirements for the designs include:

(i) Test data should be amenable to development of an empirical creep strain

equation. Applicability of each design for satisfying this requirement can be

checked by generating simulated creep strain data using an available equation,

performing regression analysis, and evaluating the resulting prediction equation.

(2) Test temperatures should cover the range of interest for the material

being tested.

(3) Test temperatures and stress levels should produce creep strains in the

range of interest.

The designs shown in Figure 5-2(a) and (b) include a simple 3 X 3 factorial

design and an orthogonal composite design. They are described in References 14 and

15. Although both designs satisfy the first requirement (i) above, they may

satisfy the second or third requirements, in this case as indicated in the figure.

In addition to these two designs, the design shown in Figure 5-2(c) was also

considered because it provides maximum coverage of the test temperature and stress

range of interest. However, it was subsequently demonstrated that the resulting

prediction equation, based on this design, was a function of time only.
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FIGURE 5-2 EXPERIMENTAL DESIGNS FOR CREEP TESTING
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A fourth design considered is shown in Figure 5-2(d). This design allows

testing over a wide stress and temperature range and evaluation of the design

indicated that an empirical equation can be derived from the resulting data.

For the data range of interest in this program it was found that the design

shown in Figure 5-2(d) was best.

The orthogonal composite design (Figure 5-2(b)) was, however, used in the

Rene' 41 evaluation (Reference i) where the lines of constant strain were found

to be further apart on the stress temperature plot.

A study of proposed test designs is recommended, using applicable regression

techniques, prior to conducting creep tests.

Determination of Empirical Equations

A very large number of equations are found in the literature which have been

developed over the years to describe the complex physical process of creep. In

addition, an infinite number of new relationships (or models) can be formulated.

The description of a new equation involves the determination of the relation-

ship between the dependent variable, strain, and the independent variables, such

as temperature, stress, time, thickness, and orientation. A convenient procedure

for determining this relationship is the use of multiple regression techniques.

Two parameters associated with this technique are (i) the multiple correlation

coefficient, R, and (2) the standard error of estimate, S . The multiple correla-
Y

tion coefficient is a measure of how well the fitted equation explains the

variation in the data (Reference 15). The closer the value of R2 (or R) is to I,

the better the equation will fit the data. The standard error of estimate is an

estimate of the variance about the regression line. Therefore, the precision of

the estimate would be considered better the lower the value of S . Accordingly,
Y

in the development of the various regression equations that were examined during
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the program, emphasis was placed on obtaining equations which resulted in large

values of R and small values of S
y'

The development and selection of each predictive equation generally followed

an interative procedure as outlined below:

Step i - Select first order independent variables.

Step 2 - Using variables identified in Step i, form new independent variables

for the regression analysis consisting of higher order terms and

interreaction (first and higher order) terms. Many computer pro-

grams are available to perform the regression analysis to determine

the significant variables from the total identified and constructed

in Steps 1 and 2.

Step 3 - Examine the residual of plots of the dependent variable vs. regressed

variables. The residual is the difference between what is actually

observed and what is predicted by the regressionequation. If the

proper variables were selected, the residual plots will have a

uniform distribution with a zero mean. If the proper variables were

not in the equation, then the residual plots tend to take a shape

which indicates if the analysis should be weighted or a different

term should have been used. An in-depth discussion of the examina-

tion of residuals and their significance is presented in Reference

15.

Step 4 - Repeat Step 2 using new variables and compare R and S with pre-
Y

viously established values. Repeat Step 3 (i.e., review of plots

of residuals) and form additional independent variables, if required.

Step 5 - Plot predicted creep responses and compare with experimentally

observed creep curves with particular emphasis placed in identifying
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discrepancies in fit and general form of the predicted surfaces.

Step 6 - If major discrepancies are observed in Step 5, modify and/or add

new independent variables and repeat from Step 2.

In general, the regression analyses will be conducted using the natural

logarithm of strain, InE, as the dependent variable. There are two primary

advantages in using logarithmic strain which are: (i) the model tends to come

closer to minimizing the percentage deviations which is desirable, (2) the model

can be forced to satisfy initial boundary value considerations. For example, the

model

= + A I ino + A 2 in tin e A °

when transformed to strain becomes

e = e A° oAf tA2

and if _ or t equal zero, the strain is forced to also equal zero. Boundary con-

ditions for the equations should be carefully investigated to insure applicability

to low stress and time ranges required in the TPS panel analysis.

Another factor to be considered in obtaining empirical creep equations in the

exclusion of high and low strains. By excluding higher strains, a small downward

bias, as shown in Figure 5-3, is introduced in the predictive equations. Likewise,

a small upward bias is introduced into the predictive equation at low strains when

low strains are omitted as is also shown in Figure 5-3.

The justification for removing the low values of creep data is that a

significantly higher percent experimental error exists in the measurement of these

very low creep strains, and that the standard error of estimate can be dominated

by these large observation errors. It should be noted that a weighted least

squares analysis could also be performed which would account for the large variance

in the low strain regime (Reference 15). However, the complexity of such an

approach is greater. 5-11
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Creep Accumulation Theories

The applicability of creep accumulation theories appears to be the most

significant limitation in the analysis for TPS panel creep deflections. During

the Reference i studies tests were conducted to provide data for evaluation of the

hardening theories. An outline of the test profiles used are shown in Figure 5-4.

The objective in these tests is to vary the load as a function of cycle to simulate

the increasing or decreasing stress which will occur in a panel due to stress

redistribution. Additional tests could also be conducted where temperature would

be changed as a function of cycle since both temperature and load level change

within a cycle is the analysis due to the varying profiles as well as the stress

distrib_tion. Predictions of these tests results can be made using empirical

equations developed from constant stress and temperature cycle test data, allowing

assessment of the various hardening theories.

Additional Factors Influencing Creep

Assessment of other factors affecting creep may also be important. These

factors may include material gage, rolling direction, and possibility of material

creep recovery. Evaluation of the effects of atmospheric pressure on creep was

also investigated during the Phase I work but was found to have an insignificant

effect on the materials investigated. Tensile creep tests can be conducted to

assess these effects, if necessary. Steady state tests of specimens at replicate

conditions should generally be sufficient to determine any significant variations

due to material gage or material rolling direction. No recovery effects were

determined for the materials studied based on cyclic tensile testing in Phase I

(Reference (i)).
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Sensitivity of Creep Strains to Test Accuracy

In conducting tests to assess creep response characteristics of materials,

particular attention should be given to maintaining accuracy, since predictions

of creep deflections have been demonstrated to be sensitive to variations in

temperature and load. Examples of these variations for the empirical equations

of L605, Rene' 41, and TDNiCr are presented in Table 5-1 at a time of 20 hours.

Based on results of Phase II (Reference 2) and Phase III, prediction accuracy

within a factor of 2 should be attainable.

5.4 CREEP DEFLECTION ANALYSIS

Procedures developed for prediction of creep deflections in Thermal Protection

System panels are presented in Reference 2 and Appendix B. Included in these

references are the approaches and assumptions made in modeling the thin gage

panel structures and in performing the analysis to obtain creep deflections. Steps

in the analysis are (a) the development of a linear equation describing the

logarithm of strain as a function of stress, temperature, and time, (b) idealize

the selected loading and temperature profiles into constant steps, and (3) deter-

mine deflections using analysis capabilities of the TPSC computer program. Required

input in terms of panel temperature distributions, panel geometry definition, and

program control parameters are presented in Appendix B. The time hardening

theory of creep accumulation has been found to provide the best predictions

for subsize panel test results (Reference (2)) and is, therefore, recommended for

use in the analysis.
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r

MATERIAL

L605

RENE' 41

TDNiCr

PARAMETERS IN

STRAIN CALCULATION

TEMP.

I144K

(16OO°F)

IO89K

(1500°F)

1478K

(2200°F)

STRESS

'55 MPa

(8 KSI)

138 MPa

(20 KSI)

35 MPa

TIME

20 HR.

20 HR.

20 HR.

CREEP

STRAIN

.615

.270

.076

STRAIN

VARIATION

DUE TO 1%

TEMP,. CHANGE

14.4

25.8

5.8

STRAIN

VARIATION

DUE TO 1%

STRESS CHANGE

3.0

2.0

Selection of "Typical" Profiles

The sensitivity of creep predictions to the temperature profile selection

will be illustrated in this section. The curve of creep strain vs. temperature

shown in Figure 5-5 is calculated based on the L605 empirical creep equation

generated from cyclic tensile tests (Reference Table 2-1). Specific stress and

time for the calculated curve are 55 MPa (8.0 ksi) and 20 hours; respectively.

The table included in the figure shows resulting creep strains at several tempera-

tures. Also included in the table are the average creep strains over IIOK (200°F)

temperature increments (i.e. average of strains at T+55K and T-55K) and the per-

centage errors in creep strain which could result from using the median temperature

in each IIOK temperature spread. Thus, for example, for a temperature range of

I033K (1400°F) to I144K (1600PF) the average strain would be .362 which is 35%

higher than the value .269 predicted at the median temperature of I089K (1500°F).

This example illustrates the sensitivity of creep strain to temperature and

demonstrates that factors such as this should be considered in selecting typical

trajectory profiles for analysis. Generally, temperatures higher than the median

over the desired range will need to be used in order to arrive at average creep

strains and deflections.
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Idealization of Load and Temperature Profiles

Some observations related to idealization of load and temperature profiles

into constant steps have been noted during the program. Observations, based on

comparison of tensile test results in Phase I (Reference i) and subslze panel data

analysis in Phase II (Reference 2) have indicated that a rather simple representa-

tion of four time steps in these studies resulted in successful analysis. It was

shown that a large number of time steps would not improve prediction accuracy. An

example of the steps used is shown in Figure 5-6.
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CONVERSION OF U.S. CUSTO_IARY _ITS TO SI UNITS

The International Systom of Units (designated SI) was adopted by the Eleventh

General Conference on Weights and Measures in 1960. The units and conversion

factors used in this report are taken from or based on NASA SP-7012, "The Inter-

national System of Units, Physical Constants and Conversion Factors - Revised,

1969".

The following table expresses the definitions of miscellaneous units of

measure as exact numerical multiples of coherent SI units, and provides multiplying

factors for converting numbers and miscellaneous units to corresponding new numbers

of SI units.

The first two digits of each numerical entry represent a power of IO. An

asterisk follows each number that expresses an exact definition. For example, the

entry "-02

definition.

documents.

of definitions, or are the results of physical measurements.

2.54"" expresses the fact that I inch = 2.54 x 10-2 meter, exactly, by

Most of the definitions are extracted from National Bureau of Standards

Numbers not followed by an asterisk are only approximate representations

To convert from

ALPHABETICAL LISTING

atmosphere (atm)

Fahrenheit (F)

foot (ft)

inch (in.)

mil

millimeter of mercury (mm Hg)

nautical mile, U.S. (n.mi.)

pound force (ibr)

pound mass (lbm_
torr (O°C)

to multiply_ by

pascal (Pa) +05 i.O133"

kelvin (K) tk = (5/9) (tf + 459.67)

meter (m) -O1 3.048"

meter (m) -02 2.54*

meter (m) -05 2.54*

pascal (Pa) +02 1.333

meter (m) +03 1.852"

newton (N) +OO 4.448*

kilogram (kg) -O1 4.536*

pascal (Pa) +02 1.333
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APPENDIX A - Continued

P}FfSICAL QUANTITY LISTING

Area

to

meter 2 (m2)

meter 2 (m2)

cemtimeter 2 (cm 2)

pound mass/foot 3 (pcf,lb /ft 3)
m

pound mass/inch 3 (ib /in3).
m

pound mass/inch 3 (ibm/in3)

kilogram force (kgf)

pound force (Ibf)

foot (ft)

inch (in.)

micron

mil

mile, U.S. nautical (n.mi.)

Densit__

kilogram/meter 3 (kg/m 3)

kilogram/meter 3 (kg/m 3)

gram/centimeter 3 (g/cm 3)

Force

newton (N)

newton (N)

Le__t__h

meter (m)

meter (m)

meter (m)

meter (m)

meter (m)

NAS-1-11774

-02 9.290*

-04 6.452*

+OO 6. 452

+01 i. 6O2

+O4 2.768

+Ol 2. 768

+00 9. 807*

+00 4. 448*

-01 3.O48"

-02 2.54*

-06 1.00"

-05 2.54*

+03 1.852"

pound mass (ib m )

atmosphere (atm)

millimeter of mercury (mm Hg)

newton/meter

pound/foot 2 (psf, ibf/ft 2)

pound/inch 2 (psi, lbf/in 2)

Fahrenheit (F)

Mass

kilogram (kg)

Pressure

pascal (Pa)

pascal (Pa)

pascal (Pa)

pascal (Pa)

pascal (ea)

Temperature

Kelvin (K) tk=

-01 4. 536*

+05 1.013"

+O2 1.333

OO i.O0"

+O1 4.788

+O3 6.895

(5/9)(tf + 459.67)

A_3
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Volume

To convert from t___o multiply bv

foot 3 (ft 3) meter 3 (m3) -02 2. 832*

inch 3 (in 3) meter 3 (m3) -05 i. 639*

inch 3 (in 3) centimeter 3 (cm 3, cc) -O1 1.639

PREFIXES

The names of multiples and submultiples of SI units may be formed by application of

the prefixes:

Multiple Prefix

10 -6

10-3

10-2

I0-I

10 3

10 6

10 9

micro (_)

milli (m)

centi (c)

deci (d)

kilo (k)

mega (M)

giga (G)

A-4
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APPENDIX B

USERS INFORMATION

THERMAL PROTECTION SYSTEM CREEP

(TPSC)

COMPUTER PROGRAM
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B.I INTRODUCTION

The computer program described herein, Thermal Protection System Creep (TPSC),

uses iterative techniques and numerical integration to predict creep strains,

residual stresses, and permanent deflections in stiffened panel structures. Thls

program was developed jointly under internal MDAC funding and NASA Langley Research

Center contractual funding. Initiated at MDAC in 1971, the program has been con-

tinually modified to increase its capability. Although the TPSC Computer Program

was developed for analysis of creep deflections in thermal protection system

panels, it is applicable to creep analysis in any beam or stiffened plate structure

subjected to bending loads. The TPSC program is written in CDC Fortran IV and is

operational on the MCAUTO/CDC 6000 series computers using KRONOS operating systems.

A flexible, user oriented input format is used. Input data include panel

geometry and definition of loading and temperature profiles. Panel temperature

distributions along the panel length and through the depth can be input using

either polynomial equation coefficients or tabular input. Temperatures at each

location in the panel are based on these distributions and the input temperature-

time profile data. Also, input are equation coefficients to define material

creep response as a function of time, stress, and temperature.

Program output includes a record of input data and calculated geometrical data

(elastic moment of inertia), trajectory load and temperature data, and creep

equation definition as well as the calculated deflections, creep-strains, and

residual stresses.

The program was developed specifically for analysis of thermal protection

system panels. Therefore, definition of leading structural concepts, corrugation

B-2
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stiffened, rib stiffened, and zee stiffened concepts, is incorporated into the

TPSC program. Modeling of the specific panel structural concept for analysis is

accomplished automatically based on overall section input definition. Appropriate

use of input parameters also allows analysis of rectangular and I-beam sections.

An option is provided for including a beaded skin into any of the cross sections

since beads are frequently required in thermal protection system panel designs.

Bending moments are internally defined based on uniform pressure load input

or two point load input. In addition, the moments can be calculated as a function

of panel edge support stiffness and the ratio of panel stiffness in the longitudinal

and transverse directions. This option is based on combining solutions for an

isotropic plate with two sides simply supported and two sides elastically supported

as offered by Timoshenko (Reference 4) and the solution for an orthotropic plate

with four sides simply supported as offered by Lekhnitskii (Reference 5). This

option provides a first order approach to account for Poisson's effects in

orthotropic plate structures.

Sensitivity of predicted results to the number of elements defining panel

cross section and the number of stations defining panel length has been investigated

with the goal of providing guidelines for minimizing required computer time.

Computer time increases almost linearly with number of analysis steps specified.

The minimum number of stations along the length and elements through the depth which

can be used to maintain good prediction accuracy havebeen defined.

The TPSC computer program provides needed capability for prediction of perma-

nent deflections, due to creep, in entry vehicle metallic thermal protection

system panels. Application is also envisioned in other structures where creep

deflections may be important such as in missile structures and nuclear reactors.

B-3
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B.2 METHOD OF ANALYSIS

Within the TPSC program the panel length is divided into i stations over

which bending moments are assumed constant and the panel depth is divided into j

elements over which stresses are assumed constant as indicated in Figure B-I.

Using the assumption of a linear total elastic plus creep strain distribution

through the depth, the neutral axis and structural rotation are systematically

varied at each station and time step to determine the unique stress distribution

which satisfies both force and moment balance requirements. At each point in the

panel the creep component of total strain is determined based on either the time

hardening or strain hardening theory of creep accumulation applied in conjunction

with input analytical expressions defining material tensile creep response as a

function of stress, temperature, and time. Residual stresses are calculated at

each time step by subtracting the elastic stress from the total calculated stress.

These residual stresses are used at initiation of analysis for the next time step.

Analysis proceeds through all the time steps at each designated station along the

panel length, accumulating and storing structural rotations, creep strains, and

residual stresses. At the completion of analysis, rotations are numerically

integrated to determine creep deflections.

The following assumptions are made in the analysis:

(a) Only bending stresses are considered in the analysis. Deflections due

to shear are assumed negligible.

B-4
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J

FIGURE B-I. PANEL REPRESENTATION FOR ANALYSIS
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(b) Strain distributions through the panel depth are linear.

(c) Creep response equations, defined by the user, are assumed to be appli-

cable for both tensile and compressive stresses.

(d) Load and temperature distributions and calculated deflections are

assumed symmetrical with respect to the panel centerline (X = a/2).

(e) Panels are thin gage. (Although the analysis is not restricted to thin

gages, the approach for modeling specific section geometries incorporated

into the program has been based on this assumption.)

Approaches used for important program calculations are presented in this

section. The general analysis flow is shown in Figure B-2 for reference purposes.

B.2.1 Geometry Definition

Analysis capability for three thermal protection system structural concepts;

rib stiffened (INDGEO = i), corrugation stiffened (INDGEO = 2), and zee stiffened

(INDGEO = 3), is incorporated into the TPSC program. The number of stiffeners

across the panel width are defined by NRIB, NCOR, and NZEE for the rib, corrugation,

and zee stiffened concepts, respectively. A skin bead in either the positive y or

negative y direction can be included in the cross sections at the user's option

(INDBD = I). The direction of the skin bead is specified by the sign of the input

bead radius (BRAD) where a + sign designates the bead in the + y direction from

the skin. Geometry of the TPS cross sections and skin bead, defining program input

variables, are shown in Figure B-3.

The approach for modeling the rib stiffened, corrugation stiffened, and zee

stiffened subsize TPS panels is shown in Figure B-4. The number of stations in

half the panel length are defined by input variable NSTAT. This is defaulted to 6

when not input by the user. The number of elements through the panel depth is

defined by input variables NSECT and SEC. These are both defaulted to i0

B-6
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I INPUT

!
INITIAL CALCULATIONS

o GEOMETRY DEFINITION

o LOAD DEFINITION

o TE_IPERATURE DEFINITION

o ELASTIC PROPERTIES

(2.})
(2.2)
(2.3)
(2.4)

!
INITIALIZE ROTATION AND (2.5) I
NEUTRAL AXIS I

CALCULATE STRAINS AT EACH YJ (2.5) I
P

t
ITERATE FOR STRESS AT

EACH YI APPLYING TIME

HARDENING OR STRAIN HARDENING

THEORY OF CREEP ACCUMULATION (2.6)

o RESIDUAL STRESS

o CREEP STRAINS

YES

FOR ALL TIME STEPS

YES

AT EACH BEAM STATION

INTEGRATE FOR DEFLECTIONS !(2.1o)

t
I I

FIGURE B-2 TPSC PROGRAM ANALYSIS FLOW

B-7

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST"

NAS-1-11774



PHASE III

SUMMARYREPORT

NAS-l-11774

¢3,,. _-'=_

'F

z

N

I.=J
w
N

-7F _

'F
-.r

I--

ci.

.J
u_

i--

I--

.g._.-__

z
t_

Z"

_1
w
b4

l-

L_

IX

..g

• .
.D

_'_0

v ,
H

Z

A
"10

8

z
0

<

n

F-

Z
0

I--

Z

I.L

e_
F-
L._

0
bJ
L_

bJ
Z
<
n

I
nm

];-8

MCDONNELL DOUGLAS ASTROIVAUTICS COMPANY. EAST



_-__O,CT,ONo_cR_P,N
{W_PV_EI'ALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-1-11774

YI Yj

SINGLE SKIN CORRUGATION PANEL SECTION

Aj

YtY_I

_1

. n. YI
Z PANEL SECTION

Yf

_L

T Aj

RIB PANEL SECTION

_k

Y °

J

'w'

I
BEAD SECTION

FIGURE B-4 STRUCTURAL MODELING OF PANEL AND CROSS SECTIONS
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when not input by the user. Two variables (fixed point (integer) and floating

point (real)) are used in order to make the program as machine independent as

possible. The assumption of thin gages allows skin and horizontal stiffener

sections (e.g., skin) to be defined as individual elements. Vertical portions of

the stiffeners (e.g., ribs) are divided into AY elements based on the input total

number of elements (NSECT, SEC) minus the number of horizontal elements. There-

fore, for example, the calculation for AY for the corrugation concept is AY =

[DEPTH-TS-2(TC)]/(NSECT-3). For beaded skins five additional elements are added

into the cross section as shown in Figure B-4. Centroids and areas of the cross

section increments are used in all subsequent program calculations.

B.2.2 Load Definition

Panel bending loads are calculated based on input pressure (PRESS) or point

loads (PLOAD) for each time step in the mission profile. These are selected by

inputting INDLOD=O for pressure load and INDLOD=I for point loads. Calculations of

beam bending moments under the pressure and point load options are shown in Figure

B-5. Input XLGTH and PANWID values correspond to a and b respectively. All applied

loads are assumed symmetrical about the panel centerline. Units for PLOAD are Lbs

or Kg where the input value is the total panel load. Input pressure units are

Pa/cm 2 or Lbs/in 2. The panel width is included in the pressure loading calculations

to yield the total panel bending moment at each beam station. The option for apply-

ing point loads to the panel, was specifically included to allow analysis of subsize

panel test data (Reference 2). For this type of loading the distance (ALEN) from

the support to the point of load application is input. Analysis for a single midspan

point load can be implemented by making ALEN equal to one half of the panel length.

For panels loaded with a uniform pressure, an option is included for modifying

the bending distribution (INDPLA=I) to account for plate effects. The plate option

provides a first order approach to account for Poisson's effects and edge stiffness

B-10
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(a) PRESSURE LOADS (SIMPLE SUPPORTS)

XLGTH
PRESS, p

M

PRESS
(XLGTH(X)- X2) (PANWID)

(b) TWO POINT LOADING (SIMPLE SUPPORT)

.I

XLGTH ----j
ALEN "i PLOAD2 1PLOAD2

PLOAD
Mo--LENA - _ X

X

PLOAD (ALEN)
MALEN-XLGTH/2 - 2

Figure B-5. LOAD OPTIONS
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effects in orthotropic plate structures by combining solutions for an isotropic plate

with two sides simply supported and two sides elastically supported as offered by

Timoshenko (Reference 4) and the solution for an orthotropic plate with four sides

simply supported as offered by Lekhnitskii (Reference 5). This option is restricted

to panels where b_a and DIeD 2 (Figure B-l). The value D I is calculated in the pro-

gram. Stiffness in the transverse direction (D2) can be input _sing the variable

DETWO) or calculated, based on skin thickness as (TS)3/12(I-v) 2. The parameter

defining the relative stiffness of the edge support and the panel is calculated as

= ESTIFF/aD 1 where ESTIFF is the input support stiffness along the edges Z = _ b/2.

Panel midspan (Z=O, X = a/2) bending moments for typical b/a values are shown

in Figure B-5(a) and B-5(b) as functions of the quantities _ and DI/D 2 respectively.

These solutions are combined in the analysis by assuming that the variation of

moment as a function of %, will be applicable at all DI/D 2 values. This assumption

is felt to be justified because it is exactly applicable at DI/D 2 = i (isotropic

panel) and any variations at other DI/D 2 will be a small portion of the total moment

since values are constrained in a narrow range (Figure B-5(b)).

In computing the midspan moment M, the moment M L for the orthotropic plate with

four sides simply supported (Figure B-6(b)) is first calculated. This moment is

then increased based on the degree of edge support using the calculated moment M T

for an isotropic plate (Figure B-6(a)). The solution for M (Figure B-6(b)) is then

calculated based on the relationship that the increase in moment (M-_) toward

2

.125 pa will be proportional to the increase (_ - MT%=_ ) due to panel edge

stiffness.

This results in the equation

M-M L

.1250 - ML

- _%=_

_%=o - MT%=_

B-12
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M

M L-

O8

•O4

0

b/a =oo

•1250-M L

|

5 1'0 5'0

.im._

r_
,,..-.,

=E

.12

• O4

(b)

DIID 2

LEKHNITSKII SOLUTION - MIDSPAN MOMENT

b/a =

b/a = 2

b/a = 1.5

b/a = 1

i

0 2 4 6 8 10

(a) TIMOSHENKO SOLUTION-MIDSPAN MOMENT

FIGURE B-6 PLATE BENDING MOMENT SOLUTIONS
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which yields

M T - MT%=_

• - _ 03 -i)

M = ML + ( 1250 ML) MTx=o MTx:=

Moments along the panel length are calculated based on ratioing the beam bending

moment distribution (Figure B-5(a)), using the equation B-I value at midspan.

B.2.3 Temperature Definition

Panel temperature distributions are defined by input of the panel midspan

skin temperatures at each mission time step, the distribution of temperature through

the panel depth, and the distribution of temperature along the length. Normalized

temperature distributions, referenced to the midspan skin temperature, are input,

as indicated in Figure B-7(a). The midspan skin temperature (TEMP) is input for

each trajectory time step (DXTIME) up to the number of steps (NTIME). Distributions

through the panel depth and along the length are defined by either of the following

approaches.

(i) A table lookup routine is included in the program to calculate T and
x

Ty as functions of X and Y, respectively, based on tabular input. The distribution

along the panel length (INDTFL = I) and through the panel depth (INDTFD = i) are

input using the variables XTEMP and YTEMP, respectively. Temperatures (normalized

to 1.0 at the midspan skin) are input to define these distributions as shown in

Figure B-7(b). The distribution T is assumed to be the same at each location
Y

along the panel length. Temperature is calculated, at each point in the

panel, as the product of TEMP (function of time), T x (function of length), and T
Y

(function of depth)• T x and Ty are determined using linear interpolation between

input points as shown in the figure.

(2) Temperature can be defined by the input of coefficients (C and D) to the

following polynomial equations.
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rX

X

v

T = TEHP (Tx) (Ty)

(a) TemperatureDefined as Function of Panel Length and Depth

1.0

Ty

T,

I

1 rY
DEPTH

T

,i

1.0

Tx

. _T POINTS

I
I
I
* ..... I I _.-x

x a/2

(b) LinearInterpolationforTemperatures

FIGURE B- 7

I_PUT

I
I
I
T

POINTS

A T

(c) LinearInterpolationfor Elastic Modulus

PANEL TEMPERATURE CALCULATIONS
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TX = CI + C2X + C3 X 2 + C4X3 _-2)

Ty = D I + D2Y + D3 y2 + D4Y3 _-3)

For this option the control variables INDTFL and INDTFD are defaulted to O.

For temperatures defined by either of these options the control variable ITCON

must be set equal to O.

Elastic modulus data, for use in the analysis, are defined as a function of

temperature by either of the same two approaches described for defining temperature

distributions.

(i) For using the table lookup routine, modulus and temperature data are input

in tabular form using the input variable ETEMP, as shown in Figure 2-7(c). For this

option the control variable INDMOD is input as i.

(2)

equat ion :

The modulus can also be defined by equation coefficients (ECOEFF) to the

E = ECOEFF 1 + ECOEFF2(T ) + ECOEFF3(T2 ) + ECOEFF4(T3 ) (B -4)

B.2.4 Elastic Calculations

Elastic stresses (Oe), strains (_e) , and rotations (0e) at each station as

well as the section neutral axis (L) and moment of Inertia (I) are calculated as

foliows_where the subscript j represents element location in the cross section

(Figure B-4)

Y
e

NSECT

Aj Yj

=j= i

NSECT

j =I

(B-5)
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NSECT NSECT

= 2 _ _2 _ Aj_ Aj Yj

J =i j =I

(B-6)

Mi (Ye - YI )
o = (B-7)e. I

3

c = oe /E
ej j

(E = elastic modulus) _-8)

M i AX
O = (B-9)

ei E I

In the moment of inertia calculation, the moments of inertia of individual j

elements, about their own neutral axes, have been found to be negligible and have

not been included.

B.2.5 Iteration for Stress

At each beam station (Xi) the incremental rotation due to creep (0c) and

neutral axis (Y) are initialized as

8 = 8 (B-lO)
c e

¥ =¥
e

Based on these values, the initial total strain assumed at each Y element (Yj) is

calculated, using the linear total strain assumption

CTj = (8c + 8e) (_- Yj)/AX (B-II)
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For each j element through the cross section there is a unqiue value

of stress (oj) which satisfies the equation:

°j + °RESIDUALj

_T.3 = ecJ + E

where ORESIDUAL j is the residual stress based on results from calculations in the

previous time step (zero for the first step) and E is the material elastic modulus

at the element temperature.

(B-12)

The incremental creep (E ) is a function of stress, temperature, time,
C.

J

and incremental time step based on the input creep strain equation (Section B.3.7)

applied in conjunction with the hardening theories. Calculations of E as a
C.

J

function of stress, strain, temperature, and time for the strain hardening and

time hardening creep accumulation theories are discussed in Section B.2.6.

In determining the value of stress at each element which satisfies Equation

B-12, assumed stresses (designated by the subscript k) are systematically varied

and corresponding strains (ek) are calculated. The subscript k has been added in

this section to designate stresses and strains calculated in the iteration process.

The subscript j is applied to the final stresses determined at each element. The

initially assumed value of stress o k (k = I) is that obtained from analysis in the

previous time step (elastic stress for the first time step). The assumption for

the second value of o k (k = 2) is dependent on the value of _I and the relationship

between STj and the calculated strains ek (El for £ = i) as follows:
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(a)

(b)

(c)

(d)

(e)

(f)

02 = -iOO. psi. for (_i = O. and CT. <el )
]

02 = +i00. psi. for (o I = O. and CTj >e I)

02 = 2 (o I) for (oi<0. and el>O. and eT. <_I )
3

or

(Ol>O. and el>O. and eT. >e 1 )
J

c 1

o 2 = o I + IOli for eT. <.i and eT >0
3

3

o 2 = ° 1 - IO II for el <.1 and eT.<O

eT. J

ET. e I
for -- >. 1

o 2 = o I e I ETj

(B-13)

Subsequent values of o£ are calculated by applying the equation

o£ = o£_ 1 + (CTj - e£_ I) SLOPE

where SLOPE = (o£_ 1 - o£_2)/(e£_ 1 - e£_ 2)

(B-14)

The process which is representative in Figure B-8 is continued until the stress is

determined such that

ST.

__i_ i. <.001

e£

An analysis proceeds through each time step the neutral axis and rotation are

initialized as equal to those calculated in the previous time step.
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FIGURE B -8 ITERATION APPROACH FOR STRESS CALCULATION
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B.2.6 Hardening Theories

The time hardening and strain hardening theories of creep accumulation are

provided in the TPSC program. These are selected through input of the control

variable HARDOP = 1 and HARDOP = 2 respectively.

The time hardening theory of creep accumulation is based on the assumption

that the creep rate is dependent upon the total time under load. This approach

for calculation of incremental creep straim_ is shown in Figure B-9(a). Stresses

are iteratively determined at each time step based on input creep strain equations.

The strain hardening theory of creep accumulation is based on the assumption

that the creep rate is dependent upon total accumulated creep strain. This approach

for calculation of incremental creep strains is shown in Figure B-9(b). Additional

calculations are required under this option to determine the effective time, for

which the given value of strain applies, at a new stress and/or temperature.

Therefore, this option requires more computer time (Reference Section B.6). To

facilitate analysis of mission profiles, a maximum time cutoff (TMAX) is input to

prevent application of the creep equation beyond its range of applicability. For

times beyond this time cutoff, the equation creep rate is assumed constant for each

stress and temperature as indicated in the figure.
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B.2.7 Force Balance Requirements

Having solved for stresses at each of the j element locations, the check for

a zero force balance on the cross section is calculated as

NSECT

F = _ oj A. _-15)
J

J = i

Based on the resulting sign (plus or minus) of F the neutral axis location is changed

by + AY. That is, for example, if the neutral axis is located toward the tension

side of the panel, resulting in an overall net compresssion load (F = negative),

then the neutral axis must be moved toward the compression side (+Y direction).

Strains and stresses are then recalculated. This process is continued until the

sign of F changes, at which time the neutral axis location is calculated by linear

interpolation using the equation

_ _ IFml (Y -Ym_l )
y = y _ m _-16)

m iFml + iFm_ii

where m is a subscript used to designate the final two axis locations and associated

force summations in calculating Y. This process is indicated in Figure B-10. It

should be noted that the neutral axis location is not constrained to coincide with

the Yj element centroids.
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FIGURE B-9 HARDENING THEORIES FOR CREEP ACCUMULATION
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FIGURE m-10 FORCE BALANCE ITERATION APPROACH
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B.2.8 Moment Balance Requirements

After force balance is attained at the cross section the check for moment

balance at the station is calculated as

NSECT

M I = _ l(_j Aj (Y-Yj)I

j = 1

(B -17)

The second estimate of e is

Ma-en!i-e-d)
02 = el (_i (B-18)

Subsequent assumed rotations are calculated based on the equation

o : o + _ -._ (_&°-1 -o=__2)
n m-i ( applied I) (_In_l _Mn_2)

_-19)

as depicted in Figure B-II where n is a subscript used to designate the assumed

rotations and associated moments calculated. Each M is compared to M
n applied"

Balance is established when

JMn_- Mappliedl

M
applied

<.O01

The value of .001 for moment balance covergence was established to provide

good solution accuracy within reasonable computer run times.
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FIGURE B-It MOMENT BALANCE ITERATION APPROACH
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FIGURE B-12 APPROACH FOR CALCULATION OF DEFLECTIONS
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B.2.9 Calculation of Creep Strains and Residual Stress

Once force balance and moment balance have been established the residual

stresses and creep strains are calculated at each j element as

and

ORESIDUAL = o - o.
j e. j]

(B-20)

(¥- Yj)
= - Ce = Oc AX - E

ej erj j
(B-21)

In addition to calculation of residual stresses and creep strains for output

purposes, these values are retained for use in subsequent analysis. Creep strains

are required for use in strain hardening analysis and residual stresses are added

to elastic stresses for initiation of the next analysis time step.

B-28

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAB'r



_ED_CT_ON OF CREEP _N

=-_'_,';";'_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-1-11774

B.2.10 Deflection Calculations

Structural creep rotation (ec) and elastic rotations (8e) are calculated as a

function of time and stored for use in numerical integration calculations for

deflections.

These deflections are calculated at each station (subscript i), according to

the following equations where NSTAT is the total number of beam stations in half

the beam length and n is a dummy variable used to designate the beam stations
i -NSTAT

(i = 1 to 6Xi = Z 0n+0n+l 0_+I Xi +Xi _ _-22)
NSTAT-2) 2 Xn+ - On

n=l n = i+2

_-_ 0n+en+ I 8NSTAT(i NSTAT-I)
$Xi _ 2 Xn + 2 _STAT-I (B-23)

n=l

(i = NSTAT) 6X = _ 0n+0n+l ONSTAT2 X + (B-24)• n 2 XqSTAT-I

rl=±

Values of 8 are either elastic rotations or creep rotations for calculation

of elastic deflections and creep deflections respectively. Shown in figure B-12 is

a sketch of the rotations and midspan deflection (EQN B-24) for a beam with

NSTAT = 3.
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The TPSC deck consists of control cards, the TPSC source deck, and input cases.

End of record (EOR) cards terminate the control card deck and source deck and an

end of information (EOI) card terminates the job deck. Deck setup is shown in

Figure B-13. The program requires 102K of core to load and 72K to run under the

KRONOS 2.1 operating system.

Input cases are stacked behind the source deck in the deck setup. The first

card of each case must be a case identification card. Information listed in

columns i through 50 on this card will be printed as a heading in the output for

that case.

The remainder of data is input using a user oriented "namelist" format. This

input follows the identification card for each case. The first card following the

identification card must have a $ in column 2 followed immediately by the name CREEP

with no embedded blanks. Succeeding variables are read until a second $ is

encountered. Input variables are defined following the first $. All except the

last variable must be followed by a comma and the first column of each card is

ignored. Constant fields may not include imbedded blanks. Blanks, however, may

appear elsewhere in data records.

Examples of the input data are shown in figure B-14. Values for variable names

beginning with the letters I, N and K are input without decimal points. Commas

must immediately follow these values. Subscripted variables such as PRESS(N) are

input as PRESS(l) = followed by the values for PRESS (i), PRESS (2), PRESS (3), etc

(see example problem 2).

The general table lookup routine used in defining temperature distributions

(XTEMP(N) and YTEMP(N)) and elastic modulus data (ETEMP(N)) requires special input

considerations. Example input for XTEMP(N), is shown in figure B-14. This is typical

also for YTEMP(N) and ETEMP(N). The values 0., i., K, 0., X I, X2, .... Xk, TI,
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T2, .... Tk are input following the variable name XTEMP(1) where K is the number of

sets of location-temperature data (section 2.3), XI, .... Xk are the corresponding

locations along the panel length, and TI, .... Tk are the associated normalized

temperatures. The first, second, and fourth values (0., i., O.) are required input.

Listings of the input variables for the TPSC program are given in Tables B-I

through B-7. For variables where default values are provided, no input need be made

except to use options other than those provided for by the default. Example problem

inputs are given in Section B-8.
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Table B.I INPUT FOR ANALYSIS CONTROL

DEFINITION

Option for Elastic

Analysis (Ref. Section B.2.5)

° Creep and Elastic Analysis
° Elastic Analysis Only

Number of Analysis Cases
(Input in First Case Only)

Option for Creep Strain

Accumulation Theory (Ref.
Section B.2.4)

° Time Hardening
° Strain Hardening

Maximum Time (Hours)
This Input Required When
HARDOP = 2. (Ref. Section B.2.4)

Option for Linear Creep Stress-
Strain Below Stress = I.

° Creep Equation Used
° Linear Stress-Strain

EQN Override

Option for TPS Panel Cross

Section Geometry (Ref.
Section B.2.1)

° Rib

° Corrugation
° Zee

Option for Incorporating
Beaded Skin into Geometry
(Ref. Section B.2.1)

° No Bead
° Bead Included

Number of Stations Along

Panel Length Used In The Analysis

(Ref. Section B.2.1)

Number of Sections

Through Panel Depth Used in

The Analysis (Ref. Section B.2.1)

INPUT VARIABLE
NAME

INDELA

NEWCAS

HARDOP

TMAX

INDSTR

INDGEO

INDBD

INPUT VALUE

0 (Default)
l

l (Default)

I. (Default)
2.

NSTAT

SEC

NSECT

B-34
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INPUT FOR ANALYSIS CONTROL (Continued.)

DEFINITION

Option for Units Of Time In
Input Creep Equation

° Hours
° Minutes

Option for Units of Temperature
In Input Creep Equation

° °K/IO00.
° °F/1000.

Option for Units of Stress In
Input Creep Equation

o MPa
° KSI

Option for Temperature Input
Units

o °K
o °F

Option for Pressure And Load
Input Units

° Pa, KILOS
° psi, Lbs.

Option for Dimension Input Units

° cm.

° in.

Option for Input of Initial
Residual Stresses

° Initial Values = O.

° Values Input

Initial Residual Stress Values

INPUT VARIABLE
NAME

ITIME

IEQNTP

IEQNST

I INTP

ILOAD

IDIMEN

IRESID

RESSIN (l,J)

INPUT VALUE

0 (Default)
1

0 (Default)
1

0 (Default)
1

0 (Default)
1

0 (Default)
1

0 (Defaul t)
1

0 (Defaul t)
1
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Table B-2 INPUT FOR OUTPUT CONTROL (Ref. Section B.I)

DEFINITION

!i!!rr, ......., •

Option For Printing Creep

Deflections at Each Trajectory

Step In First Cycle

° Print Not Req'd.
° Print Req'd.

Total Number of Cycles at Which
Creep Deflection, Creep Strain,
and Residual Stress Output Are
Desi red

Cycle Numbers at Which Output Is
To Be Printed.

INPUT VARIABLE
NAME

INCYC

INPUT VALUE

NUMCYC

0
1 (Default)

KCYCLE (N)
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Table B-3 INPUT FOR PANEL GEOMETRY DEFINITION (REF, SECTION B.2.1)

DEFINITION
INPUT VARIABLE

NAME INPUT VALUE

Panel Unsupported Length XLGTH

Panel Width PANWID

Panel Cross Section DEPTH

Stiffener Spacing PITCH

Panel Skin Thickness TS

B-37
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INPUT FOR RIB-STIFFENED CROSS SECTION (REF. SECTION B.2.1)

(INDGEO = l)

DEFINITION

Rib Thickness

Number of Ribs Across

Distance From Outer Panel
Rib to Panel Edge

INPUT VARIABLE

NAME

TR

NRIB

RIBFLG

INPUT VALUE
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INPUT FOR CORRUGATION STIFFENED CROSS SECTION (REF. SECTION B.2.1)

(INDGEO = 2)

DEFINTION

Corrugation Thickness

Number of Corrugations Across
Panel Width

Corrugation Angle

Corrugation Length in Contact
With Skin

Edge Distance in Excess of

Normal Pitch Length

INPUT VARIABLE
NAME

TC

NCOR

PHICOR

FLAT

EDGE

INPUT
VALUE

3-39
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INPUT FOR ZEE STIFFENED CROSS SECTION (REF. SECTION B.2.1)

(INDGEO = 3)

DEFINITION

ZEE Thickness

Number of Zee Stiffeners
Across Panel Width

ZEE Stiffener Flange
Dimensions

Panel Edge.Distance

INPUT VARIABLE INPUT VALUE

NAME

TZEE

NZEE

ZEESF

ZEESFI

ZEEFF
ZEEFFI

iZPNEDI

IZPNED2
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INPUT FOR SKIN BEAD GEOMETRY (REF. SECTION B.2.1)

(INDBD = l)

DEFINITION

Bead Width

Bead Radius
(Sign of BRAD Indicates
Positive or Negative Bead
Direction)

INPUT VARIABLE

NAME

BWID

BDEP

BRAD

INPUT
VALUE
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Tabl e_B-4 INPUT FOR TRAJECTORY AND LOAD DEFINITION

(REF. SECTION B.2.2)

DEFINITION

Option For Type of Applied
Load

o Uniform pressure
o Point loads

Number of Time Steps in
Trajectory Idealization

Time at End of Each Trajectory
Time Step

Pressure Load at Each
Trajectory Time Step
(INDLOD = O)

Point Load at Each Trajectory
Time Step (INDLOD = I)

Distance from Beam Support to
Applied Load (Input for
INDLOD = I)

Number of cycles to Be Analyzed

Option for Plate Bending Moment
Calcul ations

° Analysis based on beam
loads

° Plate moments used in
analysis

Stiffness of Panel Edge Support.
(Moment of inertia). Input for
INDPLA = I.

INPUT VARIABLE
NAME

INDLOD

NTIME

DXTIME (N)

PRESS (N)

PLOAD (N)

ALEN

NCYCLE

INDPLA

ESTIFF

INPUT VALUE

0 (Default)
1

0 (Default)
1
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INPUT FOR TRAJECTORY AND LOAD DEFINITION (Continued)

DEFINITION

Option for Inputing Panel
Stiffness in Transverse
Panel Direction (Moment of
Inertia Per Inch Of Panel

Length)= TS3/12 (i__)2

o I is input

Value of Input Transverse
Panel Stiffness

INPUT VARIABLE
NAME

INDD2

DETWO

INPUT VALUE

0 (Default)

1
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DEFINITION

Midspan Panel Skin Temperature
At Each Trajectory Time Step

Option for Temperature As A
Function of Panel Length

o Temperature constant along
the panel length

° Temperature variation
along the panel length
defined by equation
coefficients

° Temperature variation
along the panel length
defined by Table lookup

Equation Coefficients for
Temperature Distribution along
Length

Temperature Distribution along
Length Defined by Table Lookup

k = number of points in
Table

Option for Temperature As A
Function of Panel Depth

° Temperature constant
through the panel depth

o Temperature variation
through the panel depth
defined by equation
coefficients

o Temperature variation
through the panel depth
defined by Table lookup

Equation Coefficients for
Temperature Distribution
Through the Panel Depth

INPUT VARIABLE
NAME

TEMP (N)

INDTFL

c(])

XTEMP(I ) :
O. ,I. ,k,Oo,

X1 ,k, T.I ,k

INDTFD

D(1)

INPUT VALUE

0 (Default)

0

0 (Default)

0
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INPUT FOR PANEL TEMPERATURE DISTRIBUTION (Continued)

INPUT VARIABLE INPUT VALUE
DEFINITION NAME

Temperature Di stri bution
Through Depth Defined By
Table Lookup

k = Number of points in
Table

Temperature Variation in
Panel

° Constant over Panel
° Variation defined by

equation or Table

Temperature Variation in
Trajectory

° Constant
° Variable

YTEMP (I):

O. ,I. ,k,O.,

Y1 ,k, T, l,k

ITCON

NTCON

1 (Default)
0

1 (Default)
0

B-45

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST



_"_ P'REDICTION OF CREEP IN

t=-_-_,IMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-I-11774

TABLE B-6 INPUT FOR MATERIAL PROPERTY DEFINITION

(REF. SECTION B.2.3)

DEFINITION

Poisson's Ratio
(Req'd. if INDPLA = I)

Option for Definition of
Elastic Modulus Data

o Constant modulus

° Modulus defined by
equation

° Modulus defined by
table lookup

Equation Coefficients for
Elastic Modulus as Function
of Temperature

Tabular Data for Elastic
Modulus as A Function of
Temperature

INPUT VARIABLE
NAME

XNU

INDMOD

ECOEFF (I)

ETEMP (I):

0., I., k, 0.,

T1 ,k, El ,k

INPUT VALUE

0 (Default)

0
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TABLE B-7 INPUT FOR CREEP PROPERTY DEFINITION

Material creep properties are defined through the input of coefficients

(Z) to the linear equation

In _ = Z 1 X1 + Z2 X2 + Z3 X3 + ...... + ZN XN

or

:exp (Z 1 X1 + Z2 X2 + Z3 X3 + ..... + ZN XN)

(B-25)

In this equation, the value of X1 is defined as 1 and X2 through

XN are terms in time (t), stress (o), and temperature (T) listed in

table B-7 section. Only the terms required need to be input.
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COEFFICIENT NAME

Z(1)

Z(3)

Z(4)

Z(5)

Z(6)

Z(7)

Z(8)

i

Z(9)

z(]o)

CREEP
EQUATION TERM

LOGARITHMIC FORM
,, LL_r

Zl

Z3T

Z4t

z5( )

Z6 Int

Z7 In_

Z8 InT

2
Z9_

Z10_ 3

EXPONENTIAL FORM

eZl

eZ2 _

eZ3 T

eZ4 t

eZ5/T

tZ6

_Z7

TZ8

eZ9_2

eZlOa3
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COEFFICIENT NAME

z(]])

z(i2)

Z(13)

Z(14)

Z(15)

Z(16)

Z(17)

Z(18)

Z(19)

z(20)

CREEP
EQUATION TERM

LOGARITHMIC FORM

Zll(-_)2

Zl2(_-)3

Z15(_T) 2

Z16((3T)3

ZI9 (In<;) 2

Z20 (In(3) 3

EXPONENTIAL FORM

eZll/T2

eZl2/T 3

e Zl 3(3T

eZl4((31T)

Zl5(oT) 2
e

eZl6((3T)3

eZl7((31T)2

eZl8((3/T)3

Z20(In_)2
(3
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COEFFICIENT NAME

Z(21)

Z(23)

Z(22)

Z(24)

Z(25)

Z(26)

Z(27)

z(28)

Z(29)

z(3o)

CREEP
EQUATION TERM

LOGARITHMIC FORM

Z21 _InT

Z23 In_InT

Z22 T1no

Z24t_T

Z25 (t_T) 2

Z26 (t_T) 3

Z27 t2

Z28t3

EXPONENTIAL FORM

TZ21_

_Z231nT

Z22T

eZ24t_T

eZ25(t_T) 2

eZ26(t_T) 3

eZ27 t2

eZ28 t3

tZ29 Int

Z30(Int) 2
t

Z29(Int)2

Z30(Int) 3
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COEFFICIENT NAME

Z(31)

Z(32)

Z(33)

Z(34)

z(35)

Z(36)

Z(37)

Z(38)

Z(39)

z(4o)

CREEP

EQUATION TERM

LOGARITHMIC FORM

Z31T2

Z32T3

Z33(Int) 2

Z34(lnT) 3

Z35alnt

Z36Tlnt

Z37tln_

Z38tlnT

Z391n_Int

Z4olnt InT

w

EXPONENTIAL FORM

eZ31T2

eZ32T3

TZ33 InT

TZ34(InT) 2

tZ35_

tZ36T

Z37t

TZ38t

Z391nt
o

Z4olnT
t
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COEFFICIENT NAME

Z(4"I )

Z(42)

CREEP
EQUATION TERM

LOGARITHMIC FORM

]n_
Z41 T

Int
Z42 T

EXPONENTIAL FORM

Z41/T

tZ42/T

Z(43)

Z(44)

Z(45)

Z-314nt InoT

Z44t_

Z45tT

Z431nt/T

eZ44 to

eZ45tT
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B.4 PROGRAMOUTPUT

Program output includes a listing of input variables, calculated elastic

stresses at each panel station and trajectory step, panel geometry definition,

trajectory load and temperature definition, creep strain equation definition,

elastic deflections, creep deflections, creep strain distributions, and residual

stress distributions. Creep deflections are printed at times within the first

cycle and at the end of each requested cycle (KCYCLE). The example problems in

Section 8 show typical program output.

Generally the output is automatic and not controlled by the user. The follow-

ing items are, however, at the option of the program user.

(a) Printout of calculated creep deflections at the end of each trajectory

time step in the first cycle are controlled by the variable INCYC. These

deflections are printed as a default unless INCYC = 0 is input.

(b) The cycles at which calculated creep deflections, creep strain distributions,

and residual stress distributions are printed, are controlled by the input

variables NUMCYCand KCYCLE(N). The variable NUMCYC is the total number

of cycles at which printout is required (maximum = I0) and KCYCLE(N) is

the designated cycle number for printout.

(c) Both analysis and output are controlled by the number of panel length

increments and depth increments defined by the input variables NSECT, SEC,

NSTAT, and NBSECT (ref. Section B.3). Output of stresses, deflections,

and strains are calculated and printed at locations along the panel length

and through the panel depth as defined by these input variables in con-

junction with the panel geometry (Section B.2.1).
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Three types of diagnostic statements are included in the TPSC program to

provide user information where problems may be occurring in the analysis.

(1) "CORRUGATION INPUT DATA YIELDS A NEGATIVE S LENGTH"

This information is printed out and the analysis terminated when the cal-

culated corrugation flat length dimension S (Ref. Section B.2.1) is negative

The geometry definition (PHICOR, DEPTH, FLAT, PITCH) should be checked for input

error.

(2) "ERROR IN TABLE-LOOKUP ROUTINE AT IN = A ."
TIN

A is the panel station X(XIN), the panel depth increment (YIN), or the

temperature (TIN) which exceeds the bounds of the appropriate input table for

temperature as a function of length, temperature as a function of depth, and

elastic modulus as a function of temperature, respectively. The table lookup

input data should be checked to insure that the range of data in the table extends

over the range needed for analysis.

(3) "WARNING - TWENTY ITTERATIONS ON STRESS IN THE HARDENING ROUTINE

BEAM STATIOII = , SECTION (J) = , CYCLE = , STEP =

ANALYSIS PROCEEDING WITH STRESS UNCHANGED."

This diagnostic message indicates that the iteration process for stress

(Reference Section B.2.6) did not converge. The stress is defined as that at the enc

of the previous time step and analysis continues. When this occurs, the form of

the input empirical equation should be checked.
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B.6 COMPUTER TIME REQUIREMENTS

Computer (CPU) time data compiled for analysis cases using the TPSC program

are shown in Figure B-15. These data points are plotted against a value N which

is the product of the number of increments through the panel depth (NSECT + NBSECT),

the number of segments along the panel length (NSTAT), the number of time steps in

the load-temperature trajectory (NTIME), and the number of cycles being analyzed.

Data, shown in the figure are for analysis conducted using the time hardening

theory of creep accumulation program option.

Because additional iterations are required in analysis using the strain

hardening theory of creep accumulation, a factor of 1.8 (factors for specific

cases typically range from 1.3 to 2.4) should be applied to the range shown in

Figure B-15 for this option. In addition, the data plotted are for separate runs.

Running of multiple cases results in a somewhat lower per case computer time.

Variations in required computer time are expected from run to run depending

on times required to converge on stresses, load balances, and moment balances in

the program. The data, obtained in analysis for prediction of creep deflections

in subsize and full size panels, are presented to provide computer time guidelines

for the TPSC program user.

B-55

MCDONNELL DOUGLAS ASTRONAUTICS C'OMPAItlV - EAST



_P'REDICTION OF CREEP IN

lk_.,-_.-METALLIC TPS PANELS

PHASE III

SUMMARYREPORT

NAS-1-11774

I--
Z
ILl
_E
i,i
p,.-
I--i
::3

i,i
,-,,,

LIJ

1,.-4
l--

iv.
LI.J
I---
D

3E
O

(.J

Q-
1--

LO

'T
C_Q

LIJ
C_
:D

LL

O
O
O'1

O
O
CM

O
O

LIJ
..-.1

>.

2E

LIJ
3E

I--
Z

I--
,<
I'-"
(/)
Z
v

I--"
(.J
LIJ
V)
OCl
Z

+

F"-
(J
LIJ
t./')
Z
v

, J

II

Z

0

SflN033S_ (ADD) 3HII _31AdHO3 00_9 3flD

0

B-56

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAl'r



,.
__VMETALLIC TPS PANELS

PHASE III
SUMMARY REPORT

NAS-1-11774

B.7 ANALYSIS SENSITIVITY TO PANEL ELEMENT SIZE

Limited studies have been conducted to investigate the sensitivity of the

TPSC program prediction capability to the number of sections along the panel

length (NSTAT) and increments through the panel depth (NSECT). Shown in Figure

B-16 are typical midspan elastic and creep deflection predictions as a function

of these variables. This example is based on an ll-inch titanium panel subjected

to a uniform pressure load. These studies have demonstrated that a minimum of

these sections are needed to maintain prediction precision and, based on study

results, the values NSTAT = 6 and NSECT = I0 are default values in the

program. Because more sections are required to define horizontal sections and

flange sections for the Z stiffened TPS and corrugation stiffened TPS than for

the rib stiffened concept, a minimum value for NSECT is recommended as 8 for the

rib, I0 for the corrugation, and 12 for the Z stiffened concepts. Also the effects

of NSECT on creep deflection prediction capability will be somewhat dependent on

the degree of nonlinearity of the input creep strain equation with respect to

stress. Therefore, more sections should be included for equations which are very

nonlinear in stress.
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B.8 EXAMPLE PROBLEMS

The following two example problems are provided to demonstrate the input for

the major programs options. Section B.3 should be consulted for @efault values for

variable means not included in the input. These default values apply when the

variable is not input.

EXAMPLE PROBLEM i

Example problem i demonstrates analysis capability for the rib stiffened

panel shown in Figure B-17(a). This simply supported panel is loaded with two

point loads located 3.62 inches from the panel supports as shown in Figure B-17(b).

In the example, the panel is subjected to ten constant load and temperature cycles

of 20 minute duration each (Figure B-17(c)) and the time hardening theory of creep

accumulation is used. The panel temperature is a function of panel length as

shown in Figure B-17(d). Elastic modulus is defined as a function of temperature

as 12.3 x 106 psi at 725°F and 11.8 x 106 psi at 825°F (note this covers panel

temperature range of 769°F (.932 x 825, Figure B-17(d)) to 825°F). U.S. Customary

units are used in the input data. The following creep equation for Titanium

(Reference 2) is used:

inc = -26.22982 +26.2485T +.00012602 +1.40406 ino +.46894 int"

where t = time, hours

T = temperature, °F/IO00

o = stress, ksi

Deflection, strain, and stress outputs are requested after i, 3, and i0 cycles

are data given through the panel depth and along its length are output according to

the default values of NSECT (i0) and NSTAT (6), respectively.

Input and output for example problem i follows.

B-59

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST



_ P"REDICTION OF CREEP IN

lJ-_I"_"_'_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-1-11774

------2.50 in.

_ r.O__n._
.4i in. _n.

in.

(a) PANEL GEOMETRY

57.07 Lbs. 57.07 Lbs.

,! 1
_3.62 in.-_'-3.76 in.-_

- ll.O in.

(b) PANEL LOAD

1.0

T = 825°F .qs_

114.14 Lbs. ._=

",---20 min. ---_

(c) TRAJECTORY

> time

T

825.

I I ! I
I I I I

! !,k 2.o. 4.. 5.5

> Xin

(d) TEMPERATURE DISTRIBUTION

FIGURE B-17 EXAMPLE PROBLEM l
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DEPTH = 0o_3E+OO,

PHICOR = 0.0,

PITCH = 0°IE+01t

FLAT = 0.0,

EDGE = 0.0,

NCOR = Ot

TS = 0.2ZE-Oh

TC = 0.0,

XLGTH = O.llE+O2p

Tq = 0.22E-01,

NRI9 = 3t

RIBFLG = O.25E+OOm

ZPNEDt = 0*0,

ZPNE02 = 0.0,

NZEE = O,

TZEE = 0.O,

ZEESF = 0o0,

ZEES_I = 0.0,

ZEEFF = 0.0,

ZEEFFt = O.0,

BWID = 0.G,

BnEP = O.O,

B_A0 = O.O,

EXAMPLEPROBLEM1 OUTPUT

PRESS = 0.C, 0.0t 0.0, C.O, 0.0, O.O, O.O, O.O_ 0.0p O.O,

TEHP = 0.82_E+03, O.0, 0.Gp 0.O_ 0.0t O.0t O.Ot O.O, C.0p 0.01

DXTIHE = C.2E+;21 Q.01 _.01 0.01 O.O= Go01 0°Ct G.01 0.01 O.O,

PLO&O = O.11klkSE+031 0.01 0._! 0.01 0.01 0.01 O.O. O°O, 0.0t 0.0_

ALEN = 0.3E2E+011

XNU = O.Gm

PAN_IO = 0.25E+01,

C = 0.1E+01t 0.01 O.C, 0.01

0 = O.IE+011 O.O! 0.01 0.01

= , 0._, 0.0,8:_,o.o,o._,i.°,_ °.°,°._O.0, C.G, ._, .0, 0.0, 0.0, G.0

R'-' _.o1o._, _ o, o.o,o._, c.o.0, 0.01 0.0, O:_, 0:0, 0.0, 0.O, 0.C
0.0, 0 fi. 0.0

0 0.0, _:0, 0.0, !i 0"3o:_: o.o _o,
0.0, 0 0.G, O, G.G

, O, O.Om O.:

O, O.O, O0:0;
O.O

o, 0,o1 _ o, o.og :g: o.o, _,oo.o• 0.0, O, 0.0

0 C,

"ii

C,

O,
C,
C,
O,
Ot
_D

0,
O,
G,

0.01 O.0, 0.0,
C.3, O.O, O.O,
O.Of O. O.Ot
0.0. 0._; 0.0,

8:8: 8:8: 0._1°'0'

0, O.O. 0.0, 0.0i!o.°o. :oo:oo0, 0.(_, G.0
O, O.C, 0.0, 0.0

0.0o oo,!_o,_o.!_!0.0, O.O, O, (:.0,
01 G.O, G, 0.C,

":01 O.0, 0.01 O.O, O.C
0.O, 0.0, 0.Q, C.O, 0.0

_:o1 o.o, oo:oo,,o.o, o.oG.01 C.C_.oo:o.o,(I.O, 0.0, O.O, O.O
0.0, 0.0, _ 0, 0.0, 0.0

_):%11o.o1 i:°: c.o, o._.O.O, • O.Om 0.0

I:_: o.o, o, ooo o.o°'°o.o. o, _:o:

 i!i°' lil_:°°: _:°°: o: °o.o, o.o, o:_:
0.0, 0.01 0.0,

o.o, _:o: o.o, o._, o:oO.O,

_.o,_._:o.,,o.o,_:o,_,i!°'_.o,o.o,o._,_:_,_i°' " _'_' °'°' _:_' _' "°' [:_' _:_:_:_i_, ._, _:_: o.o1 o, o.o, ,o.c, _, o.o, o o c.o o.o,0, C.0, . , ,

o_ilio.o,°'°'o._,°'°'o.o,°°'_:,,_, ._,o.o, o,:._, c.c o._, _. :., _.... ,.c, _:, C .G, C.[, O,
.0, C.C, 0.01 O.C, O.Om):_: oo, o.o, o.o, o.o. oo,

i° °°'°°'°°'i) o o.o1 o.o, o.o, o.o, ,, , o1 o.o. o.o, _.o, o o,
.01 0.0, 0.01 0._, _, 0, O.O, 0.01 ¢.C, 01

0.01 O.o, 0._, 0.0, .0, 0.0, 0.0, "

.0, O.0, 0.0, 0.0, _:u! _0'0.!.

o, o.o _:_: _:_: _ _:u

_.o,o.o1 _._: o.o,[: _ _, o., _.o1 _.o,._, 0.n, .: 0.C, _ _, 0.0 C.G, C.O, _i
• 0.O C.G, G.o.o,o.o o.o,o.o, ,o, c, _._,

ooOO,ili
o,o C.o, O, o G,

_:): : o.o, _: o.o,, . 0.0, O.O,
0.0, 0.00.0, 0.0, 0.0,

0.01 0.01 0.0
.C.0, 0.C, O.C
0.3, 0.01 0.C
0.0, O.0, O.O
0.01 0.0, O.C
C.01 O.C, 0.C
(].O, O.Cm 0.0
0.0, O.C, 0.0

0.01 O.O, 0:000.01 0.GI

o.o,o.o,_i_0.0, 0.0,
0.0, 0.0, 0

0.0
0.0
O.O

0.0, 0.0, 0.!

G.G, 0.0, 0._O.O, O.Ic:i: o._,
O.0, O.0, !:

0.0, _.o, OilO.O, C._,
O.C, 0.0,
O.C, 0.01 O.l
0.01 O.Om 0.I
O.Om 0.0, 0._
0.01 0.0, O.i
0.0, o.g, O.i

O,.q, R,G, 0 '_

C.0, ,.q, u

oo,O.O,ii ,oo :
_.o, o_:C.C, O,

,.c, o_:o,ooo,
c.O, _c, o," [:1 0 ,3,

o.c, _:n,C.0, _ O,O, O,

G.0, _ G, _ C,C.Oi u, O,
0.0, 0, 0 0,

0.0, _: 0.C,O.O, O: O.O,

0,61

O.G, 0._,
0.0, 0.31 l.C,

o.o.__,o, ):I:0..I 0.O,
0.0, C.Ot 1.0,
0.C, 0.0, )._},

o._, _:_: : _
0._, _.0, 0
r.o, G.O, ):0, _.

_,o o.o, ).g,]
o.o o.o, )"_E oC.O, : 0

o.o o.o, :o: o
°° °)io.i!0,0, 0. , O,
_.: o. o, ,
o.o oO:_, o0.0 0.0, O, 0
O.0
0.0
O.0
0.0

0.0

B-62

MCDONNELL DOUGLAS ASTRONAUTICS C;OMPANY - EAST



_'>_P'_REDICTION OF CREEP IN
VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

NAS-1-11774

EXAMPLE PROBLEM 1 OUTPUT

NT_ME = 11

XTEM: : 0.0_ 0.1E+GI_ O._£+GleO, 0o0_ O°2E+Olj O._E+01, 0o55E_01= 0.932E+00l 0.966EtOOt O.989E+OOto.lE.oi, o.o, o.o, o,o,°'o;o , o.w 0.0 0.0, O, 0.0_ O.Op 0.0_ O.C, 0.07

NEWCAS = lj

,_,o . o.g;o._.O,.o,o.o,°'°",.o,"'°'o.o°'°',g:g: o.o, o.o, o.o, o.o, o.o, o.o, c.o, o.o, o.o, o.o, :.o, o.,,
EMOD : C.Op

ETEMP : O.
¢.0,0; @O'tE+Gi' 0.2E+GI_ 0.0,00.T29E+03, O.a25E+03_ 0.123E+08, 0.118E+:8, 9.0, 0 O, 0.0, G._, O.e,• 0, 0.0_ 0.0, 0.0, .0, 0.0, O.Qp 4.0, O.Op 0.0,

I_OGEO : lp

INDBO = O_ ';,

INDLOD = t,

INDSUP = Ot

INDPLA m Om

INOTFL • im

INDTFD : Ot

KC_CLE : It 3_ lal Oj O_ Ot O_ Ot Ot Om

INPHOC : 1,

I_JDELi : Ot

NCYCLE : lO!

N(JHCYC : 3e

ITCON : Ot

NTCON = lp

ECOErF = 0.0, 0.0, 0.0, 0,0,

Z
0.0, O.Cm O.C, _ O.Om O.O, 0.0, O.C, 0.0, G.O, 0.0, 0.0, C.O, 0.0, _.0, 0._,
c.o, o.0, o.o, _ : o.o,0.0, 0.0,• 0_ O.O_ 0.0,0.0, 0.0, 00.0, 0.0_ O.O,o.o,o.o,o.o,o:o o.o,o.o,_:_: O.O_0.0, 0.0, _.0,• .0, 0.0_ 0.0,O.O, O.Oe 0.0_ 0
O,O, 0.0_ 0.0_ 0.0, O.O_ 0.0_ 0.0, O.Om 0.0, 0.0,

HARDOP = 0.1E÷01_

TH_X = O.O,

INCYC : tm

ITIHE = 1_

IEONTP : O,

IDIMEN : I_

ILOAO = I.

IEO_ST = i,

NSTAT : 6_

SEC : 0.1E+02,

NSECT : I0_

NBSECT = 6,

IRESID = O,

RESSIN • 0.0

0.0
O.a
0.0
0.0
0.0
0o0
0o0
0.0,_

• t

oG:O, 0.0O_ 0oO

_:o_:o._0,0

0.0_ 0.0• _, O.O

0.3:(]; o.o
o:_: _:o
0.0_ O.C

B:8: o.o0.0

_:I: o.o0.0

O.C, 0.0, _:!_.C, 0.0,

0.0, 0.0, 0:_
0.?, 0.0, 0.0

I:o:: o.o, o.o0.0, O.G

)_:o":o.o, o.o0.0_ O.G
_.C, 0.0, (:.0
O.C, 0.0, 0.0
0.0, 0.0, O.O

o.o, o.o, I:_0.0, 0.0,
0.0, 0.0, 0.0

O.O 0.0
O._ C.O
O.O O.C
0.0 O.C
0.0 G.C
C._ 0.0
0.0 0.0
0.0 O.O
O.C C.O
0.0 O.C
0.0 C.O
0.0 0.0
O.a 0.0
9.O _.(]
0.0 0.0

o.o,8:_: o.o,o._, B:o,
0.0, O.C_ O.C, _ C,O,_, O,O, O,O O,O, O,
G.O, O.O, 0.0 0.0, O,
O.Ot 0.0, O.O O._m O,

°° i)oo0.0, 0.0, 0.0, O.
_.0, 0.0, : 0._, _,'
O.O, O.O, " O,O, _.O,0.0, 0.0, O:O O.Om _. C,
0,0, 0.0, O.C O.O, O.O.
0.0, O.O. 0.0 O.O, O.O.

_:_:o.o, o.o _.o, _:_,co, o.o o._, o,
0.0, 0.0, 0.0 0.0, O. O,

0.0, 0.0
0.0, 0.3
0.0., 0.0
0.0, 0.0
0.0, 0.0
0.0, C.3
0.0, 0.0
0.0, 0.0
0.0. C._
0._, O.C
G.O, 0.0

: 0.0
O.O, 0.0
0.0, 0.0

0.0, O O.O,
C.O, C.C
,._,_: _._'
_.,, _: _:_:O.O.
0.5, O.
C.O, :._: 0.:,6.0,

0.0, _:0, 0.0,
8:8:_:_: _:_:C.O, _, O.G,
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SUMMARYREPORT

NAS-1-11774

EXAMPLE PROBLEM 1 OUTPUT (Continued)

°.""!"'"_" iii '"' °"' °°' !! _°'°"°'o.0o.oc.O, C.J O.C, 0.:_, 0.0,

o._1 o.: e._, o._, o.o, _' _:_: o.o
o.oo.o,o.o,o.o,_! '°' i:_o.o, 8.o, o._ 0.°, o.o, 1:8: g.Q,• 0, 0.3 G.C, 0.0,
o._ _:11 :o1:8, g:8: o._, o.o, o.:,O.O, O.O 0.0, 0.0, 0.0, O.

g:_:o.o,°'°'o.O,o.,,°.°,o.o,_:I: 1"!' °'°'°"'°'°'°'°'°'°°'°
o._, 8:8' o._, I:_: 3.o, :', o.o, c.Q, o.o0.0, 0.0, O.O, 0.0_, 0.00.0, , 0.0,

8:8:1:8:ooOO_:o:oo°°ii!i oooo°o°°!i!
o.o, 1:1' o.G, t:oo: Q.o, o.o, _..',
iili _ o.o._ o.°,°.°.o.o,,.°,o.o, o.o, o, o.o, g:t: o.o, o.o, 8:1, o.Q, _1 _:I; o.o, o.=o =.o,0 , O.O,

ESTIKI:" = 0.0,

INDSTR = Ot

OETHO = O.O,

]lEND

i:_: o.:, o.o,C.O, O,Ot
0.09 O.O_ _.0,
O.O, O.O, O.Ot
0.0, 0.0, _.0,
O.OI O.G_ 0.0,
G.I, O.G, O.Op
0.0, O.O. 0.01
0.0, 0.0, 0.0,
0.9, O.O_ 0.0_
O.O, 0.5, 0.0,
0.0, 0.0, 0.0,

°'0' t:11 o.o,O.O, 0.0,

g:1: oo, oo,0.0, 0.0,

o.o, 8:1: o.o,O.O, O.O,

G.O_ O._, C.O, _.Cp

G.O_ 0.0, 0.0,

0.0, Q.O, 0.0, _:C'0.0, C.O, C.O,
O,_v 0.0, 0.0, O,
0.0, O.O, 0.0, 0.0,
0.0, G.O, C.O, C._,
0.0, ._, 0.0, C.O,
0.0, t.0, C.O,_.O,
O.O, 0.0, 0.0, O.G,
0.0, O.O, 0.0, O.O,

o.o, t:t; c.o, _.c,O.O, 0.0, C.O,

_:8: g:_: o.o, o.o,O.O, O.G,
0.0, 0.0_ 0.0_ O.C_
O,O, 0,0, O.O, 6.0,

=e

0.(],
;._,

I:_:
0.0,
0.0,

g.O_
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_- _._EDICTION OF CREEP IN

w_VMETALLIC TPS PANELS

PHASE lU

SUMMARY REPORT

NAS-1-11774

EXAMPLE PROBLEM 1 OUTPUT (Continued)

CJSE I ANALYSIS
ELASTIC STRESSES AT X= .gl7

TRAJECTORY TIME STEP t

J AREAKSQ. Ihl Y(IN) STRESS(PSII

% 2.99203E-G3 2.26f67E-OZ 7.C7220E+03
2 2._925_E-_3 6,8DOO_E-O2 6,QB77hE_G3
3 2. 9q2_E-03 ht3333E-01 5,1032BE÷03

_,992COE-03 1,EBE6TE-OI h,ilB_2E*03
5 2.ggz0_E-03 2.3_C30E-C1 3.13_3EE÷33
6 2.9920_E-_3 2.W9333E-01 2.1_99_E*03

ii99,00E-03 Z.9,667E-,i hi6544E.03
9920OE-03 _._OOOOE-Oi 80982_+02
q9200E-03 3o85333E-01 -_' ,03_78E÷02

10 T,SGO[OE-02 4,19000E-01 -1, E3W58E*03

CA_E t ANALYSIS
ELASTIC STRESSES AT X= 1.333

TRAJECTORY TIRE STEP %

J A_EA(SO.IN! Y(IN) STRESSIPSI)

1 2.qq203E-03 Z.26ERTF-C2 2,12tE6E+_
2 2,9920_E-C3 E, BOC_OE-CZ 1._26_2£.3_
3 2.9920JE-03 1.1333_E-01 I.B3398E+O_

L9920_£-03 1 _6?E-CI 2156_E+0_

6 2.gq203E-63 2.h933]E-_% 6._971E+0]
2.99290E-03 2.9_E67E-01 3._96_3E,93
2.99200E-03 3°_OOOOE-Ol 5._2%7E+02

9 2,99200E-03 3,85333E-0t -2._10_3E÷03
10 5,5000OE-Q2 _,19000E-0t -_,6_375E*03

CASE 1 ANALYSI_
ELASTIC STRESSES AT X= 2.750

TOAJECTORY TIME STEF 1

J AREAISQ,IN) Y(IN) STRESS(PSI)

2.q9200_-03 2._6_67E-02 _,_3_l_E+O_
2.99_03_-Q3 6,B&CO_(-CZ 3,C_3@?E+Qh

3 2.99203_-03 1.13333E-01 2,551E_E*Oh
h 2.qg20_E-03 1.58E67E-01 2.05qhtE*Oh
5 _.99730E-03 2.0_000E-01 i. SEII_EtO_
6 2.qg200E-G3 2._9333E-01 1.07_95E÷0_
7 2.99203Eo03 2.qkE67E-_i 5.f12721E*03

8 2.g920_E-03 3._COOE-Ol 9.0_2E+02
9 2,99203E-03 3.85333E-01 -_.017.9E÷03

lO 5._0000E-02 _.19000E-01 -7,E7292E_03
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_._. P'REDICTION OF CREEP IN

_/"_;'_METALLIC TPS PANELS

EXAMPLE

PHASE lU

SUMMARY REPORT

PROBLEM 1 OUTPUT (Continued)

NAS-1-11774

CA_E 1 ANALYS[_
ELASTIC STRESSES AT X: 3.667

TRAJECTORY TINE STEP 1

JREA(SQ.IN) Y(INI STRESS(PSI}

t 2.9q_OOE-03 2,26E67E-OZ 5,_8575E÷0_
2 2,99_0_E-33 6,_0000E-02 _,_0821E*0h
3 2.992GCE-G3 1.13333E-Ct k.:3¢6TE+Ok
k 2.gq2OJE-03 1.Sff67E-Gi 3.ES_t2E*O_
5 2,99_00E-03 2.0h00GE-01 Z, kT55_E+Ok
6 2°q92C;E-03 2,_9333E-01 1,E980]E*0_

2,9920_E-03 2.9_667E-0% 9.20_88E*03
2.9920GE-03 3._0000E-01 1._2%3E_53

9 2,qgZ_0E-03 3,85333E-0t -6,3k601E÷03
10 5. SOO03E-OZ k.19000E-01 -1.212G_E÷Ok

CA_E I ANALYSTS
ELASTIC STRESSES AT X: h,583

TRAJECTORY TIME STEP 1

J JREA(SO.IN) Y(IN} STPE$$(PSZ)

1 2.qq?o0_-03 2,26E67E-G2 5,58575E÷Oh
2 _,oq2C_E°03 _.ROCO_E-02 _,R_ZlE_O&
3 2.992D_E-C3 hI3333E-CI h. O30_?E÷Oh

2. q92_E-C3 1._SE67E-01 3._5312E+C_
5 _,99_C_E-03 2,O_000E-01 2,47558E+0_
6 2.992;3E-03 2._9333E-Cl 1._qSCZE÷O_

2,99_00E-03 2,q_667E-01 q*2O_88E÷03
2,9920ff-_3 3,40000£-_1 1,_29_3E_03

9 2.99200E-03 3.85333E-0% -6.3_601E_03
10 5. SGGOOE-OZ k.19000E-01 -1.2120kE,0_

C_E 1 ANALYSIS
ELASTIC STRESSES AT X=5.50g

TRAJECTORY TIME STEP 1

J AREA(SQ,IN} YIIN) STffSS(PSI)

1 _,99_33E-03 2,?_¢67E-OE 5,58575E+04
2 ?,qg?06E-03 6,_0OCOE-02 &.RO_IE_0_
3 ?,99;30E-03 %.13333E-01 4._38ElE÷0_

2,9920:E-E3 1.58_67E-_1 3.ESllEE÷O_
5 2,qg_00E-03 ?,J_3G_E-01 E._TSSBE*O_
6 ?,99_00E-03 2, h9331E-Ot 1,69803E*0_
7 2,99209E-03 2,q&E67E-01 9,Z0_88E÷03
8 _,9920ff-03 .3,_0OGGE-01 1,_29_3E_03
9 2.99200E-03 3.85333E-G1 -6.3_601E_03

1: 5.50GOOE-02 _.19000E-G1 -hE120hE÷Ok
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_'_fMETALLIC TPS PANELS

PHASE III

SUMMARYREPORT

NAS-1-11774

EXAMPLE PROBLEM 1 OUTPUT (Continued)

C_EZP PPE[IICIION COHPUTE_ PPOGPAM

TPSC EXAMPLE PQOBLEH t

RIB STIFFENEO TPS PANEL

_KIN _AGE = ,0Z2 INCHES
QIB GAGE = ,072 INCHES
NUHBER OF RIB_ = 3
PITCH LENGTH = t,O00 INCHES
PANEL EDGE LENGTH = ,250 INCHES
PANEL DEPTH = ._30 INCHES
CALCULATED MOMENT OF INERTIA : .00t2046 IN=_
ELASTIC NEUTRAL AXIS = .348 INCHES

PANEL LENGTH = 1t.00 INCHES
PANEL WIDTH = 2,50 INCHES

APPLIED LOADS
TWO POINT LOADS , DISTANCE FROM SUPPORT TO LOAD = 3.62 INCHES

TRAJECTORY DATA

TIME (SECONDSI
OAO (LBS)
EMPEgATURE (OEG F)

TIME TOTAL LCAO MIOSPAN SKIN
START ENO TEMPERAIURE

0.00 zg.o0 %t4.14_ 825.0

CNEEP PPLIJICIIOk COt4PUIER PROGPAM

CYCLIC CREEP EQUATION DEFINITION

LN(STRAINI= -2.£2298£÷G1
Z.6Z_85E+01 _(TEHP)
;.68q40E-01 _LN(TI_E)
t._O_6E+O0 _L_(ST_ESS)
1.20000E-04 I(STRESS)I_2

WHERE TIME = _INUTES
TEMPERATURE = DIG K/lOgO.
STRESS : KS1

C_EEP PREDICTIO_ COHPUIE_ PPOGRAM

ELASTIC OEFLECTTON SUMMARY

BEAM STATION (INCHES)
TIME(MIN) .92 1.83 2.75 3.67 k._8 5.50

20.00 .0538 .1034 .1447 ,1736 .105Z .lg13

CREEP PREOICTIO_ COMPUTL& P!_OGRAM

FIRST CYCLE CREEP DEFLECTION SUMMARY

BEAM STATION (INCHES)
TIME ,q_ 1.03 2.7_ 3,67 4.58 5.50
20.00 .00874 .01718 .02468 .03020 ,03249 .03373

B-67

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST"



_"_JPREDICTION OF CREEP IN
_'_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-I-11774

CYCLE
1

EXAMPLE PROBLEM 1 OUTPUT (Continued)

C_Et_P PREOICIIO_ COMPUIER PPOGRAM

CREEP OEFLECTICN SUMMARY

BEAM STATION IINGMES|
,qZ 1.83 Z,7_ 3,67 4,58 5,50
,C087_ ,01718 ,52k68 ,03C2_ ,032_9 .03373
• 01_60 ,02869 ,C_121 ,050_2 ,05_25 ,05631
• 02Ek2 ,o_qq5 ,0717k .08776 ,_9hk3 ,09801

C_EEP PREnTCTION COMPUTE? P_OGRAM

CREEP STRAINS (PERCENT)

CYCLE t

BEaM STATTON (INCHES)
HEIGFT .gZ 1.83 2.75 3.6? _.58 5.50

.C227 .G019_33 .S1G7827 .0266E3_ .0E22175 .6619q3 .97559C3
,3683 .C_17895 ,C10_66k .025q_21 ,063h06_ ,_699768 ,0757375
• 1133 .0016hh8 .00q5_76 .OZh3E2h .0E1_660 .067_936 .0728k82

o ,06E67C61587 .001k_50 ._08_C30 .0_19456 056_12 .06_R5_
_2_kJ .0C12h_5 .0072_7 .018733E ._k859_q .05_315. .057h367
.2_q3 ._0;9789 .gGSE93_ .0157213 .0383663 .;_209_2 .C_53_65
.29_? .90_6EZZ .0037995 ,009A2_9 .0257351 .0282651 .030_R_3
.3k9_ .OOCZ_4Z .001_0$Q .00_E957 0103_25 .0113121 .0122585
.38_3 -.O00_kSO -.0G13657 -.0033317 -:GOTq_8 -.0061_52 -.=6877q_
• _tqO -._0C_176 -.GOZqk99 -.607k319 -.018160_ -.01986_3 -,0213520

C_LE+ PREOICII_ C0_FUIER PROGRAM

RESIDUAL STRESSES (PSI)

CYCLE 1

BEAM STATICN (INCHES}

HEIGHT .g_ 1.8] _.7_ 3.6? _.58 5.50
,02_? 4.30c+01 _,?_E+O_ ?,37E+0_ Z.25E+03 2.]EE+33 2.51E+03
.0680 1.BBE_01 I.I?E+C_ _.81E÷O_ 7._7Ce02 8.5_E+O_ q. ZOE*G_
.1t_3 -1.51E_¢3 -8.48E÷CC -7.09E+01 -2.98E+02 -3.10E÷0_ -3.09E_3Z
.1587 -1.76E+;1 -1.O_E*O2 -3._E*0Z -t.53E_3 -1.10E÷03 -1.1_E*_3
• 20&0 -Z.gOE*0I -1.70E+02 -_.83E+02 -1._E+03 -1.5_E+03 -1.63E+63
.2_q3 -3._?E+01 -2._2E+02 -5.WEE+O? -I.55E+G3 -1.67E+_3 -1.?_E+03
.Z_k? -3.31E*01 -i.glE*C2 -5.OWE*02 -t.3_E_03 -1._9E+03 -1.59E+03

.38_3 -6.?9E*_G *1.96E÷0t -6.42E+_. -9.30E÷01 -1.0tE+02
.klqO 3.98E_00 Z.19E*01 6,60E+01 1.q3E*O2 2.06E+02 2.16E,62

C_Fc.P PRE[_I(_IIOIw COMPUTER PPOGRAM

CREEP _T_AINS (PEPCENT)

CYCLE

BEAM STATION (INCHES)

HEIGPT . _ 1.83 2.75 3.67 h.58 5._0
• C2_7 .00_2_86 ,CIB_157 ._WWE?SE ,1C502C_ .11_2q? ,1_7W953
._E_ .003_56 .G17_352 .Ck_h2g5 .1_53367 .ttEOOg_ .1258_19
• 11_3 ,_027497 .C1609_5 ,04_559g .1_C9272 ,11071_8 .llqbSl5
.1587 ._02_79_ .01_369 .G363_11 .09_3855 .1_C78_7 .I086973
,2_&3 .0021Q_2 .0121611 ,03095_Z ,0790515 ,0_2h5 .Gg_ICCZ
.2k93 .0016h75 .C09_189 ._ZW22;8 .0E20_17 .;6779&E ._7299C3
.Zq=7 .0:I0933 ,00_31e_ ,0_50737 ,0_t37_0 .O_ZP_a .a_s70z6
• _00 .OO03aE3 ,0OZZ?00 ,O_8_e .01_a_z_ .01_3_73 .01e6_30
• _1 -.C_GeZ5 -.012706q _0313273 -,03k3k9_ :0370887
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SUMMARY REPORT
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iiiii_

HEIGHT ,gz
• C22T 6,72E+01
,06tO 3.27E+C1
,IL_$ -1,81E-;1
,15t7 -3,13E*01

• 2_3 -5.87E÷C1
,2Q_? -5,57E+01
,3hCO -3,4_E÷C1
.38+3 -9.23E-+1
• 4190 ?,31E+00

EXAMPLE PROBLEM 1 OUTPUT (Conti nued)

C_ELP PPEOICiT|ON COMPUTEP PPOGQAH

RESInUSL STPESSES (PSI)

CYCLE 3

BEAM STATICN (INCHES)
1.83 2.75 3.67 4,_8 5.50

_.1]E+_2 1.23E*03 3.50£+G3 3.EqE*ot ].elE+C3
1.87E+C2 _,47E+OZ 1.2_E+G3 1,3_E+O_ 1.45E+G3

-2./SE+[t -1.18£+_Z -4,4tE+02 -k._EE+32 -_,_9E+£2
-1.B3E+_2 -5.ZBE+O2 -1.61E+03 -1.7CE+]3 -1.78E+_3
-2,_E÷C_ -?,a?E+OZ ZlE+03 -Z.43E+_3 -2,56E*03-_.37E+_Z-a._tE,OZ=_: 47E+03 ESE+O ,-2, 3 -2 81E+G3

-_.lqE+G2 -8,28E+02 -2,Z3E+03 -2.41E+_3 -2,57E÷G3
-2.01E+G2 -5.22E+02 -I._EE*G3 lt.54E÷.3 -1.65E+03
-7.79E+_0 -Z.ggE+G% -1.2BE÷G2 -1.38E+0z -1._7E+02

4,17E*0t 1,13E+02 3,20E+02 3,44E+02 3,65E+C2

HEIGHT
CZZ7
_.680

!_e7
20 _0
Z(. o.3
29&?
740_
38E3

._1c.0

BEaM STATION (INCHES)
• Q2 1.83 Z.75

• 00=;7_&9 .C72E_60 .C8011_4
• G05Z_6d ,C]OT25k .0766332
• 00_q61_ .028C929 .C795q59
.00_3648 ._2_q140 ,06Zqj63
°_36q25 ,C_1_ ,0532435
._028872 .JtEh199 .0;1502_

• )GiS!E2 .OIOA84q .Q8743_6
• 00C6_75 .O03_8Zk .OtOO:?Z

-,G01_571 -,0089320 ",022_761

C_EEP PPEOICTIO_ COHPUIEP PPOGPAM

CREEP STRAINS (PERCENT)

CYCLE 10

3.67
1_93736
183_271

155Q245
132qR08
%03_76_
06q3145
0263652

Z,GEuZ349,05k3836

4°58 5.55
°_ICh_11 ,ZZ9652_
• 2027_ .Z199245
• 1B9_879 .2_7676
,17C458_ .IB357QO
• thEO172 ,1_59563
,1131533 ,IZ1490_
• 07E5747 .O_lIZ69
,0287_66 .03085_3

-,_2668_6 -.028_729
o0596371 -,064382_

CPEKP P_LOICTIoN CO+iPUTEF PPOGRAM

RESIDUAL STRESSES (PSI)

CYCLE 10

B_AH STATICN (INCHES)

HEIGHT .gz 1.8_ Z.75 3.67 4.58 5,53
,0_27 1,1_E+02 7.02F+02 1,8_E+03 5,_5E+03 5,51E+0_ 5.7_E+G3
.C680 6.ECE+01 _.I_F+_2 7.0_£+0Z 2.Cn£+03 _.Z0E+O3 Z._lE+O3
,11+3 -l.h4E+;1 -3._7E*01 -1.6gE+92 -4.90E+CZ -4.72E+OZ -_._/E+C2
°1587 -5,4_E+_% -z,qs£+CZ -8.3lE+02 -2.33E+C3 -Z._E+_3 -?.5?E+G3

_3_ -8.6_E+;1 +_.75E_CZ -1.ZTE+03 -3.4EE,03 -3.EEE+03 -3._2E+0]
:_93 -t.O_E+OZ -5.61E+E2 -%._EE+C3 -3.R6E+G3 -_.1_E+33 -4.31E+03
.Eq_? -9.&EE+01 -5._0E+02 -1°37E*03 -3.61E+;3 -3.8@E,03 -_.11E*_3
.3403 -6.0_E+Ot -I.4WE+CZ -8.88E+02 -2.37E+C3 -2.57E+O3 -2.7_E+E3
,3853 -2,61E*;O -7.80E+00 -5.13E+01 -2.ZZE+OZ -2.35E+02 -Z.49E+O2
,k190 _,2_E÷01 ?,13E+01 1,87E_02 _.9_E+G2 5.26E+02 _,5_E+02
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_--_ _ P__EDICTION OF CREEP IN

__ METALLIC TPS PANELS

PHASE III

SUMMARYREPORT

NAS-1-11774

EXAMPLE PROBLEM 2

Example problem 2 demonstrates analysis for the 45.7 cm. long and 51.6 cm.

wide beaded single skin corrugation stiffened panel shown in figure B-18(a). This

panel is loaded with a uniform pressure and temperature where the pressure and

temperature vary with time in each cycle as shown in figure B-18(c). The plate

option is used in this problem and therefore the panel edge stiffness and Poisson's

ratio are required input. The strain hardening theory of creep accumulation is

applied in this example. SI units are used and the empirical creep equation is

that for L605 (obtained in Phase I) as follows.

InE -- -2.89413 -.01743t +.54892 Int +1.31015 Ino -6.66548 (I/T)

+.19131 InT +.00021(T_t)

where t = time, hours

T = temperature, °K/IO00

a = stress, MPa

Deflection, strain, and stress output are requested after I, 2, 3, 4 cycles

and output are provided at 23 locations through the panel depth (NSECT + NBSECT)

and 8 locations along the length (NSTAT).

Input and output for example problem 2 follows.
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F___o,cm,o_OFC._,.
--_>_T_._,C_PS_.S

PHASE Ul

SUMMARY REPORT

NAS-I-11774

orted

"_.<I (tyD. @ X - O, X : 45.7)

(a) PANEL GEOMETRY

P

L
r 45.7 cm

(b) PANEL LOAD

p,T

time

(c) TRAJECTORY

TRAJECTORY TIME (Min.) TEMP (°K) PRESSURE (Pa)
STEP

1 0-I.33 I122 758

2 1.33-4.67 1231 758

3 4.67-7.50 1231 1655

4 7.50-8.50 1225 2482

5 8.50-11.33 1014 1655

figure B-18 EXAMPLE PROBLEM 2
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_'_'_EDICTION OF CREEP IN

_"_";fMETALLIC TPS PANELS

PHASEIII
SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT

NAS-I-11774

$CREEP

D£PTH = 0.1BSZE_01,

PHICOR = 0.1263£+02,

PITCH = 0.36]E_01,

FLAT = 0.711E_00:

EDGE = 0.36E+00,

NCOR = lk,

IS : 0.216£-01,

TC = 0o1_E-01,

XLGTH = O.k57E_021

TR = 0.0,

NRIB = O,

RIBFLG = O.Ov

ZPNEOl = C.O,

ZPNE02 : 0.0,

NZEE : O.

IZEE = O.O,

ZEESr = 3.0,

ZEESr % : 0.O,

ZEErF : O.O.

ZEErF1 : 0.0,

BwID = 0.262F+01.

BDEP : O,279E÷0Q,

BPAO : -0.3£SE*0t,

P_ESS = 0.75_£,03_ 0.758E*03. 0.t&55E*0q_ 0._82E*0_, 0.1655E*0;, Q*0, 0.O, 0.0, 0.Q, 0,0,

TEHP = 0.ttZZE*O_, 0.t_$iE÷gk_ O.i23iE*0k. O.1225E*O_t 0.i01_E_Ok, O.0, 0.0, O.Oi O.O, 0.0,

OXTIHE = O.t3ZF*Gi_ 0.kbTE*0tt O*75E*0t, Oo65E_Olt O*1133E÷OZt O*Oe O.Ot O.g, O,0, O.0t

PLOAD : 0.0, 0.a. 0.0, O.Oo O.0t 0.0, 0.O, 0.Or 0.0, 0.0,

ALEN = 0.0,

XNU = O.3E_OOt

PANWIO : 0.516E÷3Zt

G = O.iE*Oi, 0.0, 0.0, 0.0,

O = O.lE*Ol, O.O, 0.0, 0,0,

( = 0.0, 0._, O.O, 0.O, O.O, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0, 0.0, Q.0, 0.0, O.O, O.O, 0.0,

o.o, o.o, _: . o.o, o.o, 8:.o.o, o.o, _: 8:_, o.o, o.o, l: g:_', o.o,°'°'8:_: 8:_', o._,°'°"o.o,°'°"_:8: o.o,°'°'o,o,°'°'8:8: _:g:

:8' o.o, o.o, I o.c
• o.o, , o.o. 8:8

l:g _._, D.c. :_: ' _:8: t:_: 8:8' 8:t: 8:_: _:8: 8:_: 8:g: g:g: o.o,' o.o,°'°' c:_:o ._,'°' o°'_'.o o.o,0°'°'o._,_, o.o,o._,l:t o.o, o.o, o.o, o.o, o.o, o.o, _:_, , 0. O, 0.0, 0.O, 0,0, 0.0, 0.0,

o,o,°'°'8:8: t:_: t:_: _:_', 8:_: _:t: _:_', 8:8 _:_: _:_: _:8', o.o,°'°'I:_: _'8:8:8
o._, _: 8'0'.,,_:_', _:_: oo:oo:o.o, o.o
° l i! .o,o.oo._, o.o, I: _:8: o°: _:8: _.o° ' o.o. 0.0

0._, O.0, : 0:0, 0.O, 0.O, O.0, 0.0

O.C, 0.0, 0.0, _1.0, 00:O, 0.O, O.0, O.C, 0.. n

o.o,°.°,ii!! o, o.o.o.o, !!°'°_:°'o,_:_: o.o, 8:8:_:_:I o.o,o.o.8 :0._, (] .r), O, O.O 0.0, 0 ' •

_]:8: o._, o.o, o.o, o.o o.o, :I', o.oo,o,o.o,o.o,oo: :o.o 0.0
0.O, O.O, 0.0, 0.0, 0, 0.0 0:0: 0.0
0.0, 0.C, 0.O, 0.O, 0.0. O.0 O.0. 0.9

0.0, 0 0.0, 0.0, 0.0,o.o, o'o°: o.o, o.o, _.o, o°:o°;o°:_]

o.o. o., o.o, _]:o: o.o,o.o, o.8, _:_: _]:_: _:_:
0.0, O.0, 0.0, 0.0,

o.o.o.o.o.o.o.o, o.o. o:g: o°:t: _]:8: :t:0.0. 0 0.0, .0,_._, o:_', o.o. ,,o, 8:_]: 0.O, O.0

t:g: _:_: _'_ 8:8:_:8:o.o, o.o
0,o.o0"°'8:o, 8' o.o, o,o, _:8: 8:_, • 0.0, O.O. 0.0. O.O

_:_]: o._, _:_: _:_, o.o.._. , o,a. 8:_
0.0, G.O, 0.0, 0.0, 0.0. 0.0
a.c. 0.9. o.o, o.0. 0. c. 0.0

o.o, o.o, o._,, o.o, 8:oo:o.o0.0, O._, 0.O. 11.0, 0.0
0.C. 0.'_, _. O, 0.O. O.0, O.0
0.0, 0.9, 0.0, C.9, 0.O, 0.0
0.0, O.O, .O, O.0, o.0, .0

0.0 0.0, .08:8' °'_' 8
, 0.0, 0.0, O.O, 0.0, 0.0,

NTI_E = 5,

_:B: 8:8: _:_ _:_: 8'B: _'0.0, 0, ' :o.o, o.g: 8:_: 8:1' o.o,, 0.0, O.

t:_: 8:t: _:_" _:_' °'°' _:, , 0,0,
_.0, O.0, O,O, 0.O, _,0, O.

o.o,  !ii o.o.o.o,o.O._:8: _: o o.oo o.o, o.

:: o.o, :: o,o

o.o, o.o, _i i:_'o.o.°'°'_]:oo:_:
o.o, o.o, 8:L :o°
0.0, O.O, 0.0, O.O: O.O, O.O,o.o,°'°'_:8: _:_: _:8, o._,°-°"8:_:

8:_: 1:8:0.0,
0.0, "8:

8:_]: 8:_]:
°'°" 8"_'0.0, . ,

_:_: _:_:
0.0, 0.0,
0.0, 0,0,
O.O, 0.0,

_:o: t:_]:
O.O, 0.0,
O.O. 0.0.

_:oo:o.o,O.O,
0.0, 0.0,

O,O,
0.0, O.O,

!!!iO._,

.,_.. - o.o,_'°'o.o,o.o,o.°'_:8:8:o.o,°'°'o.°'o°:o.o. o.o, o.o, 0.o. o.o, o.o, o.o, o.o, o.o, o.o, o.o, o.o,
NEWCAS : 2,

YTE'4P : 0,0, 0.0, O,O_ _.h, 0,0, 0.0, 0,0, D.O, 0,0, 0,0, O*O, o*O, 0,0, 0,0, O*@, 0,0_ _*0, 0,0,0,0, 0.0, 0,0, ,0, 0.0, O,O,

EMOO = o.o, B-73

MCDONNELL DOUGLAS ASTRONAUTICS COMPANV- EAST



_._R'EDICTION OF CREEP IN PHASE III NAS-1-11774
VMETALLIC TPS PANELS SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT

(TEMP = 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0,0, O.0, 0.O, 0.0, O.Ot O.Oo O.Op O.O, 0.0, O.Oo O.O, O.l,
0.0, 0.0, 0.0, 0.0, O.Ot 0.0,

INOGEO = 2,

IND_D = 1,

INDLOO = O,

INDSUP = O,

INDPLA = 1,

INDTFL = O,

INOTFD : O,

KCYCLE = 1, 2, 3_ k, 0, Ot 0, O, O, O_

INDMOD = 0,_

INDELA = 0t

NCYCLE = _,

NUMCYC z _,l

ITCON : 1,

NTCON = 0,

ECOEFF : 0. I]70EHZ. 0.Or 0.0, 0.0,

Z = -0.289H_E+Oh O,,Ow 0.0, -C.1743E-01, -0.6E65_BE+0h 0.SkagZE+O0_ 0.131015E+01, O.IqI31E+00. O.O, O.Oo
o.o. o.o. o.__, o._, o.o, o.o, o.o. o.o, o.o. o.o, o.o. o.o, o.o, o.2,e-,, o.o. o.o, o.o,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0,

o.o. 8:2: o9.o. o.o. o.o, o.o, o.o, 0.o.o.o, o.o, o.o, o.o, o.o, o.o, o.o, o.o, o.o, o.o,0.0, .0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

HARDOP : 0. t(_0t,_

TMA_( = 0.2E*02. " "

INCYC = 1,

ITIME = O,

IEQNTP : Ov

IINTP = O,

IDIMEN = O,

ILOAD = 0v

IEQNST : O,

NSTAT = 8,

SEC = O.15E*0_,

NSECT = 15t

NBSECT = 8,

IRESIO = O,

RES$1N = 0.0. 3.0. 0.G. 0.i}, 0.0, O.0. 0.0, 0.0, O.0, o.rJ. 0.0. 0.O. 0.0t 0.0, 0.O_ O.0, O.0, 9.6.

°'°' ! _. ! .o.o. °_:°.° _t:_i_i_'°' °'_io c 8: o o o o o o o o o o o o o o o o o o• o.o o.o, o. , o:8; _:,_: o.o, . o.o,o.o, _: o o, ._, , : :g g:o o o o o o o o ooo o: o o o :8: 3:
'o, o o.o, o.o,o o o o 8:_:o_ oo o o o o o o , o o o o o o o o o o o o

:!,_.:_,,o.o.o._,_._,.o,o°°!!oo..o,_o.o.._,: o.o,o.o,o.o.o.o,o.o.o,o.o.o.o.o.8:_,o.o..ii;:..ii!.o.oo.o.,.o.o,o.o,o._,o.o,o.o.o.o._:o:go.o.o::_:i' !::I'g':_::,o.o.o.o.°°'°°'°°'o.o,o.o.o.o.°.o,o.o,_°'"°'i::ii
0.0,

oo oo o.oo oo oo°°° _!' _i _!!
o.o. o.o. g:_: ' 8.o. o.o. 8"°'.o,g:8'. g:_: 8:_: o.o, ,.o.o.o. lilio.o, o.o. 8:oc', °:8' o. o.o, o.o, :: o°:8: o.o,°'°'8:|:
0.0_, O.0, 0.0,, 0 '0'.o, o.o o,o, o.o°: o°:8: .g:g: o.o, o.o, o.o o.o, o.o,, 0.0, 0.0, O,|, O.O,

o.o, o.o, o.o, 8.o, o.o, o.o, _:I: _:_: _:,_' R:8' o.o, _:_: o.o, o.o o.o, 1:8: o.,, I:_:_6.0,0.0, O.0O.O,• O. O.O O.O,0.0, 0._. O.O, , . O,O,

8:B:_:8:8:B:B:_:B:_:8:B:B:8:_:_:_:_:8:_:8:8:_:_:8:8:8:0:8:8:_:B:i:8:8:8:
_:8: 8:o_: o.o,°'°'o,o,°'°'_]:_: _]:_; _:oO:_:8: o.o°'°',o.,°'_',o,o,°'°'_:_: _]:_: _:3', _:o°: _]:_; 8:8 8:8',

I'_:o.o, o.o.o.o, o.o, I: ._, o,o, o._, o.o, i! 1
o.o, o.o. _: :_]: 8:_: 8:_: _:_: 8:8 i:_'o o o c oo _:8,o o °°;°°g _:I o o o o _o o o• , 0.0, , 0.0,O, 0.0, O,O, O.O, 0.0, 0 O. ,

IIIioooio. °°°!i°i!_o o.o o.o,_:_:!i°, o, o.o, oo:oo:l:_; : o.o o.o.o. :8: _._, o.o,
o, o.o, ' ' 8:°o; _]:°' :_' "' 8:8: _:_;

_:_i _:l' t:_: _:o: o.o, _:_. o.o.o ., . o, _! ,o.o, o:8; o.o, o.o, o.o,o°'o 8:t' o.o, o._, o.o...., o.o, o.o, oo:o o,o, o.o, o._, . o°:o°: ... o.o, o.o.• , , , O.O, 0,0,

.... O.O 0,0,0'0'0.0,0.0,0.0, O.o,O'O'O.o,O'O'':g: O.O0:O',t:0,,0.0,0.0, I!00; I::I:: 0.0.0"0'0.0.0"0'0.0.0.0.!::i i::iliili _:o:o.,,o.o,o.o,o.o,,.o,o:_:o.o.o.o,_:oO:00: o.o.°.°,o.o.°.o.
0,0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0t 0.0, 0.0, 0.0,

o,o. 8:_: _:8: _]:8: _:_: _:l: _:8: _:8: 1:8: 1:8; 8:8: _:8: o.o,C'°"8:8: 8:_:
0.0, 0.0_0.0, 0.0, 0,0, O.O,

(STIFF = O.SOTB(*O0,

INOO2 = O*

INOSTR = O_

OETWO = O.O,

SeNO B-74

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



_'_EDICTION OF CREEP IN PHASE III
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
CASE 1 ANALYSIS

ELASTIC STRESSES AT X: 2,856

NAS-1-11774

=
I

TRAJECTORY TIME STEP I

JREAISO.CMI YICM) STRESSIMPA|

t _.tZ_Z4E-Ot 6.999qgE-03 7.tBO_TE-01

; 6.03_8_E-02 • _E-02 &.6&2, re-or
6.03187E-_2 _._8_OE-Ot 5. T5206E-01

k 6.0318_E-02 3._9499F-Ot _.84t41E-01
5 B.OI]SFE-02 5.39EqgE-Ot 3.9307TE-01

6. 3_2E-OZ 6._q_gE-Ot 3.020t2E-Ot
6,8318_E-OZ R,_OCg_E-OL Z,tO948E-01

B 6.033_2E-02 9.9029_E-Ot 1.19883E-01
9 6.03_82E-OZ 1.1_050E*00 Z,SBtS_E-02

10 6.03.187E-02 1._9070E+00 -6._Z_6_E-OZ
11 6.033B_E-OZ 1._090E_00 -1.53311E-01
lZ 6,03]_2E-02 1.59110E*00 -E._ITSE-01
13 6,0338ZE-02 1.7_130E*00 -3o35_OE-Ot
1_ 1._9_35E-01 ,823 E*

16 t,63]_0£-01 1,78820E+00 -3.638TgE-01
it h63]?OE-O_ %,698_6E*00 -3,093_EE-01
18 1,63120E

 ..O.E.O0h58460E_O0 -2._O_35E-Ot
1.63320E-Ot hS617OE+O0 -2,26552E-01

TRAJECTORY TIME STEP 2

AREA(SO.CM| Y(CH| STRESS(MP_|

1 4.1257_E-Ot 6.9999q_-03 7.16047E-0_
6°OI]B2E-O2 8.90998E-02 6.&6_?tE-_t

3 6,03187E-OZ 2, Ig3ooE-ot 5.7520_E-Ot
6.03182E-OZ 3.89_9')E-01 _._141E-Ot

5 6.03182E-02 5.3969qe-01 3.93077E-01
6 6.0318ZE-02 6.89899E-_t 3.0_t_E-Ot
7 6.031a2E-02 8.40Cq_E-01 2.tOg_SE-01
8 6.0]I8ZE-02 9.9029qE-Ot 1.19883E-01
9 6.0338E-OZ 1,1_C5CE*00 2 8818_E-02

10 6. 3]e3E-O_ 1._9070E*0_ - -6.22_62E-02

1Z 6.033_IE-OZ $.591tOE*O0 _375E-01
1] 6.03]8ZE-02 1.7_130£*00 -3,3_0E°01

_ 1._9_35E-Ot t.eZ34CE*O0 -3.e_tSE-Ot
3.22_71E-Ot 1.e_1_C£+00 -3.96008E-0%

16 t.63329E-O_ 1.78820E*00 -3.63879E-01
1? h633_OE-O$ 1,69826E+00 -3,093_6E-Ot
18 h63320E-Ot 1,63023E+00 -2,68099E-Ot

h6312OE-O_ h56170E+O0 -2.26552E-01

TRAJECTORY TIME STEP 3

_PEAISO,CM) YICH) STRESS(MPAI

_:1_57_-0t 6.99qgqE-03 1.56340E+00
OII_ZE-O2 _.9099_E-02 t._5_?ZE*O0

3 6.03]_2E-02 2.3930_F-Ot 1._5589E*00
E,OI]8_E-O_ 3,8%99E-01 1,O$ZO6E*O0

6,tI_e_E-O2 5.3969_E-01 8._8235E-01
6 6. 3]82E-OZ E.89899E-Ot 6.59_06E-01
7 6.031_2E-02 8._009_F-01. _.6057_E-Ot
8 6.033_2E-OZ 9,902_8E-01 2,&tTTOE-Ot

9 _:03]ezE-02 1,1_050E*00 6,_92thE-02
10 03]BZE-02 I.EgC?OE*O0 -1,35907E-01
1$ 6.0338_E-OZ 1._090E_O0 -3.3_735E-01
lZ 6,0318_£-0Z 1,59113E*00 -5,33564E-0$
13 &._3.]_?E-O2 1.7_133E*00 -7.32392E-01
I_ 1,49435E-01 1,823_0_00 . -8,_1073E-01
1_ 3.ZZ_TtE-Ot 1.8_120F*00 -8,6_635E-Ot
16 l.63120E-Ot 1.78820E*O0 -7.q_BSE-01
tT 1.63123£-0t 1.69_6E+00 -6.7_19E-01
i8 t.6IIZIE-Ot 1.630_3E÷00 -5.8536te-01

1.633POE-Or _: -5.Zk959E-0156170E*00 -_.9_6_9E-Ot

TRAJECTORY TIME STEP k

_E_(SO.CH) Y(CM) STRESS(MPA)

t _.1_574E-0 6.9999qe-03 2. ]E_O0
18tE_E+O0

6._3_AZE-02 _.39_OOE-Ot 883_6E*00
_.O]]_E-O_ 3.89_gqE-Ot 1.58528E*00

5 6._3162E-0_ 5.3969_E-01 1.28709E*00
6 E.OI]BZE-02 F.8989qE-Ot 9.88qltE-Ot
? 6._3382E-02 8._009_E-01 6.90728E-01
8 E.C3]_ZE-02 9.90298E-01 3._7546E-01
9 6.033_2E-02 t.l_GSCE+O0 9._363tE-02

10
11 _:_33_2E-0_ -Z. O381qf-ot3I_2E-02 t °2907CE+00._4090E+00 -5,C_002E-0t
lZ 6°0318_E-OE l.591t_E*O_ -8.OOtS_E-Ot
13 6.03]SZE-OZ J.?_tIOE_O0 -1.09837E*00
14 1._9_ITE-Ot 1.SZ3_OE*O0 -1.76%35E*00

_ 3._Z_ltE-Ot 1.8_17_E*09 -1,29669E*00
1.63]ZgE-01 1,?8623E*O0 -t,[gt49E*O0

IT 1, 633_0E-01 1.69B_E*O0 -1,01Z93E*O0
18 1.63120E-Ot 1.63C23E*00 -8.TT865E-Ot
19 I.PI]2OE-Ot 1.58_60E*00 -Z.87280E-Ot

20 1,63320E-01 ]-75 1,56170E*00 -T,_t82_E-Ot

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST



PRMEDICTION OF CREEP IN
ETALLIC TPS PANELS

PHASE III

SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT
T_AJ£CTORY TIME STEP 5

J ARE_(SQ,CMI Y(CMI STRESS(MPA)

[ _,1257_E-0_ 6,_Sq_qE'03 _,563_0E+00
2 6.03_BSE-02 8.SOqSBE-OZ t._5_72E+0=
3 6.031B_E-02 ?,3_300E-05 t.25589E+O_

6.03182E-OZ 3.89_99E-0t i.05TO6E+O06.03]87E-02 5.39ESgE-Ot 8.SeZ35E-01
6. _ 6-

6.0338ZE-02 6.89899[-01 _._S[-_t6.03382E-g2 8*kOOgSE-O$

tQ • 338 E- 1. ZSOTOE_O0 -1.35907E-01

1t ""°'°"°°
6.03382E-02

_ $._q_3SE-O$ t.eZ3_aE*_O -8._toT_p_
t5 3. ZZZTIE-O_ 1.8_1_0E+00 -8.E_635E-01
16 1. 6337QE-01 t.78aZOF*O0 -7.9_85E-01
1T 1.633TOE-Or t.69826E+OO -6.TSk1E[-01
18 _.63370E'01 t.636_3E_00 -5.85361E-0_
19 1.633TOE-01 1.ESk6OE+O0 "S.Z_sSSE-01
_0 1.63320E-01 1.56170E_0_ -k. Sk6kSE-_

NAS-I-11774

STRESSES kT X: 5.7tZ

TRAJECTORY TIME STEP 1

J ARE_ (SO,CM) Y(CM) STRESS (MPA)

3382E-OZ _: 393BGE-Ot 1.6i_ZSE*O0

$,031BZE-OZ 3.89_9_-01 1.3587?E_006.03],ZE-OZ 5.3SENSE-01 1.103t5E*00

6.0 I_3E-02 8._OOq_E-Ot 5.9201_E-01
8 6.33_8_E-07 9.90298E-0t 3,36_6E-01
9 6._3YBZE-O2 1.1kO_OE*O0 8.OS_T_f-OZ

1_ _.03_E-_ 1. 29GTOF_O -toT_oSLE-OL
11 6.033BSE-OZ t._4C9CE*O0 -_.30Z59E-01
,, 6.03,,2E-02 1.59,,OE+OO -6.8,828E-01

6.03382E-OZ l:r_t3OE+O0 -9._1396E-01a_3_OE_O0 -i.08109E*00t_ 1._35E-01
15 3.ZEETtE-Ot 1.8_t?OE+O0 °l.ll138E+O0
16 l. B3320E-01 1. ?6a_O_O0 -t. OZtZtE*O0

1T 1.63]?_E-01 _1 698_6E*00 -8.68165E-0118 1.6317_E-01 63023E_O0 °7.52_07E-01
t_ 1.633_E-01 5e460E+O0 -6.?_76_E-01

1.633Z01-01 1.56170E_00 -6.3_808E-01

TRAJECTORY TIME STEP 2

J &KEA(SC.CM) Y{CMI STRESS(HP&)

1 _.12_7_E-01 6.99q99E-O] 2.009_5E+00
Z 6.0118_E-OZ B._Cg_SE-OZ t.8698_E*QQ
3 6.03_BSE-02 2._9303E-01 1.61WZgE+O0

6. _31_E-O_ 3.89_99E-01 1.35872E.00
6._33A_E-02 _.3_q3E-Ot t.t03t_E._o

O]_E-OZ 9.9029,_F-01 3.]£_6E-01g e.6.03Jg?EoO_ 1.1_CSgE* O0 8°0877_E-02
t_ &._]_eZE-0Z 1,79070E_93 -t.7_69tE-Ot
11 6. G338ZE-OZ /._90E+O0 -_.30259E-01
IZ 6.031_E-0_ 1.591t0E*00 -6.85B_SE-Ot
13 6.033B_E-OZ 1.?_130Ft00 -9._1396E-01
t4 t._Sh35E-Ot 1._23_0_+0_ -1.08109E*00

3.SZZltE-01 $.8_tZOE*O0 -1.11138E+00
16 1.633Z_E-Ot t. TBeSOE*O0 -1.0_12tE+00
17 1.6332CE-01 1.698Z6E*09 °8.68165E-01
18 1.633TOE-01 1.63G_3E*O0 -7.5_kO?E-01
19 1.633ZOE-01 1.ES_60E*O0 -6.?k?6eE-01
ZO 1.6ZJSOE-01 1.56170E*00 -6.35808E-01

TQAJFCTORY TIME STEP 3

J AREAISO,CM) YICM) STRESSIMPA)

_.lZ_7_E-01 &.gqq_q_-03 _.3876|E*00

6.03;8ZE-OZ 8.90qq_E-OZ _.OBZ6OE*O06,033_SE-0Z _.3_30_E-01 3.5_60E_00
6. C3_82E-0Z 3.89_qSE-0% 2.SB66QEt00

6.03]_?E-OZ 5.3969qe-0t _._0859E*006.033_3E-02 6.8989qe-01 1.8505_E_00

11 6.0]X_ZE-OZ 1._090E_00 -9.39_19E-_t
tZ 6.033_2E-02 1.59110E*00 -l._qT_SE+O0
1_ 6.03_a_E-O_ t.T_t3_F*O0 -Z. OST_ZE÷O_
ik 1._9435E-01 1,873_0E+00 -2.360_3E*Og
1_ 3°ZZZTIE-Ot I°B_IZO£_O0 -Z,k?656E_O

16 63320E-01 1°E_S_EE+O_ "t.89B53E*O01_ t:e3]Z_E-Ot t._ee_OE_O0 -Z.ZZ_6eE*O0
__ I°63320E-01 t,630_ZE*O0 -t.6_ET_E.O0

l,B3]_3E-Ot t.58_OE+O0 -$._731TE_O0it 1.63320E-01 1.S61TOE*O0 -1,388ZtE_O0
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ON IN
m-_--_,_METALLIC TPS PANELS

PHASEIII
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
TRAJE'CrORY TIME STEP f,

NAS-1-11774

J AREA(SQ,CM) Y(CM) STRESSIMPA)

[ 4,L257_E-01 6,99999E-03 6.S800_E÷O0
Z 6.03382E-02 8._0q?_5-02 §.t?_67E+OO
3 6.03187E-02 2.39]00E-01 _,ZBSB3E*00

6.03187E-OZ 3._9499E-01 _._900E*O0
5 6.03142E-02 5.3969_E-Ot 3.E1216E*OO

6,03382E-02 &.BgA99E-01 2.77533E*00
6.033_2E-02 8,hCO94E-01 1.938_9E,00

8 6.03187E-02 9.9_Zg_E-0i J.JOz&_E*O0
9 6.03]_?E-02 i.I_OSOE*O0 2.6_25E-Ot

10 6.033_?E-02 1,2907['E*00 -5.7200_E-0t
It 6.03182E-02 i._CgOE*00 -1._088_E*00
12 6.0318_E-OZ 1,59116E*O0 -2,2kSeSE*OC
13 6.03382E-02 1.7_130E,60 -3.08251E*00

_ 1._%35E-01 1.8_3_:E*00 53993E*003.222TLE-01 1.8_12GE_00 :]:E3910E*00
16 1.613?gE-01 1.788Z0E+00 -3.3_385E+00
17 h53329E-01 1.694Z6E*0_ -2.8h273E400
iB 1.63320E-01 1.&3823_*00 -2°_6369E,00
19 1.63320E-01 1.58_60E*00 -2.209_6E_00
Z0 1.63)ZGE-Ol 1._61?0E*00 -2.08189E_00

TRAJECTORY TIME STEP 5

J AREA(SQ,CM) Y(CM) STRES$1MPA)

1 _.1257_E-0t 6.ggggqE-O] 4.38161E*00
Z 6.0318ZE-02 8.q0998E-02 _.08260E÷00

6.0338ZE-02 3.89_99E°0i _"

5 6.033_2E°02 S.396qgE-0% 2:_0859E 00
6 6.03382E-02 6.89899E-0[ 1.8_05gEfl0
7 6.03382E-02 8.k0098E°01 _._9_sgE*o0

II    0,rE:8 8
• 0 14 _- .591

1_ 1._9_35E-0_ 1.823_0E*00 -2.]60k3E+00
15 3.22271E-0t 1,_12GE+OO -Z.42656E+00

18 1.63320E-0t h63023E*00 -1.64279E+00
lg 1.63320E-05 hEfh6CE*00 -1.47327E+00
20 1,63320E-01 1.S6170E*O0 -i,38822EeOO

CA t ANALYSIS
EL ASPIC X: 8.569STRESSES AT

TRAJECTORY TIME STEP 1

AREAI_O.CH) ¥(CM) STRESSIMPAI

1 _.LZ57_E-0t 6.9999aE-05 3.1182TEd0
6.D]i_E-3_ 8.90998E-02 2.901SOEdQ
6.0318_E-02 2.39300E-Or _.S0_93E*00
6.03_8_E-0Z 3,89499E-Ot 2.1083EE*00

5 6.03_8?E-_2 _,39699E-01 1.7117gE*00

6,03]_E-02 8949qE-016.0318ZE-02 _: 1.315ZL£*00_0698E-01 9.Lee43E-01
8 6.03)87E-0Z q. q02_4E-0t 5.2_0?tE-Ot
9 6.0]]82E-OZ 1, I_OSOE+03 hZ5499E°01

10 6.03382E-02 1.29070E*03 -2.71072E-0¢
1t 6.C3]_?E-02 1._kCgCE*00 -6.676_E-0t
12 6.03187E-02 . I.E9110E*00 -1.06_22E*00
J3 6.03]_?E-92 7_130E*00
1_ t. Wg_3SE-Ot i: -1._6079E+00_23_0E*00 -1.6775_E*00

_ 3.?ZZ71E-O[ l.e_l_OE+O0 -hTZ455E+O0
1.63320E-0t 1.78470E*00 "1.58_63E_00

6]]20E-Ot 1.69826£+00 -1.34715E*00

1.63320£o01 t._8_60E+00 -I.04TOSE*00
20 1.633Z0E-0t 1.56170E,00 -g. B6599Eo01

TPAJECTORY TIME STEP 2

AGEAISO.CM| YICM) STRESSIMPA)

1 _.L_57_E-0t 6._999qF-03 3.11827E*00
6.93T4?E-O_ 8.90994E-02 _.90150E_00
6.03_e?E-0Z _.393GOF-Ot 2.50_q3E+00

6.033_?E-0_ 3.89_99E-01 2,10836E+00
6.C3182E-02 5.39E_gE-Ot 1.71179E,00

• 031a?E-0Z 6.S98qqE-01 _:3L_ZIE,00_.03f_?E-O_ 8.ueOgeE-Ot 186_]E-Ot

8 6,03]_?E-OZ 9.902_4E-01 5.2207iE-01
g 6.03]_2E-02 t,t_OSOE*O0 t,ZS_99E-01

10 6.03182E-02 1.29070E*00 -2.7L0?ZE-0t
11 6.03]fi_E-O? 1._hCg0F*0O -6.676_kE-0t

6.03]_ZE-O? 1,59110E*00 -1.06kZ2E*OO
lJ 6.0318?E-02 i.?k130E*O0 -1._6079E.00
lk 1._%35E-0[ 1.823_0E*00 -1.67755E*00
15 3,22_71E-01

1.63320E-0i i.788Z0E÷00 -1.58_63E*00_ 1,8_%_0E+00 -t.72_554+00
1.63370E-01 1.69826E*00 -t.3_7i5E*00

15 1.63320E-0t Z.63GE3E*00 -1.16753E*00
19 1.63320E-0t I.ESk60E÷00 -t.0k?0SE*00
20 h63320E-01 1.56170E+00 -9.86599E-01
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PHASE I1[
SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT
TP."JFCTOR'Y TIHE STEP 3

J A_EA(SQ.CM! VKCH) STRESS(MPA)

1 95- 3 6.80_365*00

3 6. C31825-D2 2.39300E-0t 5._69215+00
6.03182E-02 3.89_9qE-01 _.6033_E+00

5  :f3. E-O2  :.,969 F-ol3182E-OZ 89e99E-01 2.87LBLE_OQ9 2.00_7gE*006.0318_E-02 e._009eE-0t
6. C3]A_E-02 9.90_985-01 1.139885*00

9 6.C33825-0Z 1.1_c50£+00 Z.,_013E-0t
10 6.03_82E-0Z 1.29;,QE÷00 -5.91853E-01
11 6.03]_25-0Z h _Og_E*00 -1._772E*00
12 E.03_82E-0Z 1.5911CE.00 -2.323565*0Q
13 6.03]_25-02 1. 7_13CF* BO
1_ 1.4q435E-01 1. E*823_C O0 -3.6627kE*00
19 3.227715-0t h8_1205*00 -3.76535E*00
16 1.633235-0t 1.,88205*00 -3._985E÷00
17 1.6332_E-01 . t.&gBZ&E+O0 -2,gkt3WE_OO
18 1.63]20E°01 1.63_235+00 -2,5W9155*00
19 1,6]]2_E-0t 1,58_605*00 "-2,28611E*00
20 1._31205-01 1.56170E*00 -2.15_t2E+00

T_AJ[CToRY TIME STEP

J AeEet3O.CH_ ¥(CM! STRESS(MPA|

1 _.1257_E-0t 6.999995-03 1.021055_01

6.03]_3E-02 8.90998F-02 9.5_0_05+0_6.031825-0Z 2.39300E-01 8.2G2155+00
k 6.03]_2E-02 ]._9_9_E-01 6.903_2E*00
5 6.0318_E-0Z 5.396995-01 5.60508E_00

6.G3]_2E-OZ 6._89_E-01 ,.3065_:_6.0338_E-0_ 8, _0_98E-0[ 3,00801E
8 6,033_E-02 9.q02_8E-01 1.709_7E+00
9 6.03]_2E-0Z 1.14;505*00 _.1093CE-01

3183E-02 t 591105+00 -3._8_67E*00
13 ,._3]_2E-QZ 1. T_13QE,QO -,.783215,0Q

14 %._9_355-0 _: 82_05+00 -5._93005_003.2_271E-0_ _I_OE*GO15 -5,6_68_+0 O
16 1.63]_0E-01 1.788_0_*00 -5.188,_+00
17 1.63]_E-01 1.69_26E*00 -_._11135+00
)!

h633205-_1 1.56170E+00 -3.23053E_00

TPAJECTORY TIME STEP 5

J AREA(SO.CM| YICM) STRESSIMPA|

1 _.1_5745-01 6.99999E-03 6.80836E+00
6.0338_E-02 8°909985-02 6.3350,E+00
6. C3387E-0Z 2.393005-01 _._6q?lE_00
6.033825-0Z 3.89_995-01 _.6033_E*00

5 6. Q318_E-OZ 5.3969_E-01 3,737_TE*OQ
6 6,03382E-02 6.89899C-01 2,87161E+00
7 6.03382E'02 8,_00985"01 2,0¢57_E_00

e_ - , _ -

10 6.G]3e_E-0Z 1.2907QE+00 -5.91853E-Qt
11 6.03]_ZE-0Z 1._0905*00 -t* _5772E*00
12
13 6,C33_ _E-O2 1.7_1305*0Q -3.18945_+00
14 1._9_3SE-0t 1.8_3_05*00 -3.66_7_E+00
15 3.2_271E-01 1.8_120E*00 -3.765355_00
15 1.63320£-0t I._8e205*00 -3.k59855*00
1' 1.633_0E-01 1.698_65+00 -2.9_13_E_00
18 h?]3ZOE-01 t.630235÷00 -Z.Yk915E_O0
_9 1.633205-01 1.58_60£_00 -2.286115*00
20 h6]Z20E-01 1.561705+00 -2.15412E÷00

CASE t ANALYSIS
ELASTIC STRESSES AT X: II._25

NAS-I-11774

TRAJECTORY TIME STEP 1

APEA(Sn.CMI Y(CM| STRESSiMPAi

1 _.1257_E-01 6.9999qE-0_ _.D_OE_O0

182E-02 Z.39300E-0t 3.2_7135+00
6.03]_2E-02 3._9_99E-01 2.73306E+00

5 6.03]_2E-0Z 5.39699E-C1 2.218985+00

_:03P_E-OZ 6.Sgagqf-01 1.70_1E_00033_2E-0Z 8._0OqqE-0t 1.1g08]E*00
8 6.031825-0_ 9._0Z9a£-01 6.767595-01
9 6.03]_2E-02 t.t_OSO£+00 1._268_E-01

• 03 -3.5 3 0 -
382E-OZ 1._090E+00 -8,

6.031825-0Z 1.591105)00 -1.3795_E_00
13 6o03382E-OZ 1.7_1305)00 -1.89361E)00
1_ 1.k9_3_E-0t ].823_05)00 -2.17_61E)00

1.633235-01 t.,8eZOE+O0
17 1.6332_E-01 1.698_6E+00 -1.7_6315*00
_8 t.61]_OE-0L 1.63023E+0Q 513k6E+O01.63]_3E-0t 1.58&605*00 :I:357Z9E*00
Z_ 1.63320E-01 1.56170E*00 -1.278925_00
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PHASE III
SUMMARYREPORT

NAS-1-11774

EXAMPLE PROBLEM 2 OUTPUT

TRAJECTORY TZNE STEP 2

J ARE_(SO.CH) Y(CM) STRESSIHPAI

[ _.1257_E-01 6.9999qE-03 _.04_20E_00
2 6.0318_E-02 8._09g_E-O_ 3.7Et_OE_O0
3 6.013eZE-02 2.3g30_E-Ot 3.2_713_*00

03]_2E-02 5.3969_E-01 2,2tB9SE
6 6.03]82E-OZ 6.89899E-Ot 1.7049tE*00
T 6.031_2E-02 8._03_E-01 1.19083Eo00
8 6.0318ZE-OZ 9.90298E-01 6.T6759E-Ot
9 6.03182E-OZ 1.1_050E+0_ 1.6_6_E-01

10 6.03182E-02 1.29070E÷00 -3.51390E-01
It 6.03_2E-02 1.k_OgOE+O0 -8. E_6_E-01
1_ 6,031_EE-OZ 1,59110E*00 -I,37954E*GO
13 6._3]_2E-02 1o7_1_CE_00 -i.Sq361E*00
14 l.kq_35E-O/ t. B23hCE_O0 -2,17_6tE*00
16 3.22271E-C1 1.8_120E_00 -2.23553E*00
16 1.63320E-01 1.78a20E*O0 -2.05416E÷00
17 t.63320E-01 1°6982EE*00 -1.74631E*00
18 lo63]ZOE-OL 1.63023£*00 "l.513k6E_O0
_ 1.633_0E-01 I.ee_eOE*O0 -1.35729E*00

1.63320E-01 1.561?0E÷00 -I.27e92E*O0

TRAJFCTORY T¢ME STEP 3

J _PEA(SO.CH) Y(CHI STRESS(MPA)

_.1_57_£-0t 6. ggggqE-03
6.033_2E-02 _.39300E-Ot ..O897tE*OO
6,0338ZE-02 3.8_99E-OL 5.96?29E*00

6.0]_87E-02 5,39693E-Or _.8_48TE_00
6.C3]_E-02 6.89_9E-01 3,?22k6E_O0
6,03182E-02 8,_O_q_E-Ot 2,6_004Ee00
6.03]_2E-OZ 9.90298E-01 1.47762E+00

]82E-_Z 1.29070E*00 -?,61217E-Ot
1[ 6.03]_2E-02 1.4_090E+00 -1.88964E*00
J2 6.0338_E-OZ 1._911GE_00 -_.0120_E_00
13 6.033_E-0_ 1.7;136E*0_ -k°13;k?E*O0
Jk 1._9_35E-01 I.SZ3_OE_O0 -_.TkZ99E_O0
15 3.2_271E-01 1.8_l_OE*O0 -_.88101E_00
16 t.63120E-Ot 1.78_20E*00
17 1.633_0E-01 1.6982_00 -3.81285E_OO'_'48500E_O0
18 1.63320E-01 t.630Z3E*O0 -3.30_46E_00
19 t.63]_OE-Ot 1._8_60E,00 -Z.963k_E+O0
_g 1.63320E-01 t.56170E_00 -2.79_3TE_00

TRAJECTORY TIME STEP 4

J ACE_(S_.CH) Y(CM) STRESS(HPA)

1 4.t2_7_E-01 6o99999E-0_ 1o32358E,01
. . 6.0318_E-0_ 8,qOgqeE-02 t.23L57E_Ot

6.0338_E-02 _.39_O0E-01 1.0632_E*0_
4 6.03]_?E-02 3.89_qgE-Ot 8.gk91_E*O0
5 6.C3]_2E-OZ 5.3969qE-01 ?,_65_5E_00

6.03]_2E-0_ 6._9_99E-Ot _.58256E_00
6. O3182E-O_ 8._O09_E-Ot 3.89927E÷00

8 6.0]]_E-02 9.qOE98E-Ot E.21598E*O0
9 6.03182E-02 I.t_OSOE_O0 5.326_5E-01

10 6.03]_ZE-02 1.29070E*00 -t.tSO59E_O0

.03_8_E-02 1.5911_E÷09 "_.5171_E*00
]3 6.03382E-OE 1.7_130E,00 -6.200_6E_00
Th kq_35E-Ot 1.823_JF_0_ -?.tEOSSE_GG
15 3.E_Z?tE-0i 1._t_CE*O0 -?.3200_E_00
J6 1.63320E-01 J.T88_OE_O0 -6.72614E+00
1T 1.63_GE-01 J.E9826E*O0 -5.?1813E_O0
18 1.6]]?OE-Ot 1.63023E,00 -_°95569E_QO
19 1.63320E-01 1._8_60E+00 -k._k3_E*O0
20 t.6]]20E-01 1.56t?OE*O0 -_.18772E_00

TR"JECTORY TIME STEP 5

J _E a (SO,CM) Y (CH) STRESS (NP&l

t 4. t 2=J7_E-01 6. 9999qE-03 8.82_65E*008., o99 E-oz
6.03182E-02 3.89k99EoOt 5.96729E_00

2, 39300E-Or _.0 B971E*OO

5 6. 0338ZE-OE 5.39699E-01 k.B_.87E*O0
0 6,0 3382E-o2 6. 89899E-I)1 _.722_6E_00
T 6.0 338ZE-02 8.40098E*Ot Z.GOOO4E*O0

!0 6.03182:-02 1. ;_907GE* O0 -T. 672t7E-Ot
/1. 6.0318 ZE-O2 t. _.090E* O0 -1. 8896kE*O0

1 *
0318_E-OZ 1.7_.t -_.t3_htE÷O0

1_ 3.2Z_?IE-Ol 1.8_1_0E_00 -k.88101E*OO
16 t.633_OEo01. I°78820E*00 -k.58500E_O0
17 1.63320E-01 I.6982EEeO0 -3. 81285E_00
18 1.63.12 OE-O J. 1.63'3_ 3E* O0 -3.30_6E+ O0
19 1.633ZOE-Ot 1. ¢.8460E*00 -Z.963hSE÷O0
20 1.53320E-01 1._6170E+00 "Z./923?EeOO
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'_-"_'-_. _EDICTION OF CREEP IN

PA  ,S
PHASE III

SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
CASE 1 ANALYSIS

ELASTIC STRESSES AT x= 1_,281

NAS-1-11774

T_AJECTORY TIME STEP I

AREA(SQ.CM! Y(CM) STRESSIMPA|

t _.12574E-01 6,9999qE-03 k,78t3_E+_0_:O]_SZE-OZ 8.gOq%g-OZ k._897[*0003]_?E-O? 2,39300E-01 3,8_089E*00
3,8%99F-0% 3,232BIE_006,03_82EoOZ

5 5,_ITB?E'G2 5.39699E-01 2.62_F_E÷O0
E,O3_+E-02 6,Bq89q_-Oi Z,OIG66E+O0

6,9338_E-02 B.WOCSBE-0% t,_B_SsE*OO6.03]B+E-OZ 9,9029_E-01 8.00509E-01
9 6. O3TfiZE-02 1.1_05_E÷00 1,92_32E-01

10 6.03]_2r-0+ _,29_70E_00 -_,15E_E:01
1, _oqff*O0 -1,02372E_001L 6.C35_+E-02

1Z 6.03TB?E-O+ 1,59110_*00 -1.63t80E+00
13 E,D33B+E-02 1,7hl3DE÷O0 -_,23_7E_00
j_ 1._%35E-01 -1._23_GE+00 -Z. B72_E+O0
15 3,+Z_/tE-Ot 1, fi_l+OE*OO -?.6_.%E*00
16 1,67_29E-0[ 1.7882CE_00 -2,W29T1E_O0
17 %,63320E-01 1,698+EE+00 -2,06563E÷00

1B 1.63320E-01 1.630+3E_00 -1,79021E_00
_q 1.63320E-01 _, 58_60E_00 -1,605_8E_00
20 h6332OE-01 1,5617_E_00 -l,fi127¢E*O0

TRAJECTORY TIME STEP 2

j AREA (SO.CM| Y(CH1 STRESS(MPA)

? 6, 03 ]_E-0Z 8.9093_E-0+ 6. h_897E _O0
,8 89 *

6.03]_?E-_J2 3.89h<)_E-O_
5 6,03TS?E-O+ _J, 39699E-Ot 2. E+_,7_E eO0

6,03182E-02 6.89e_99£-01 2, 0166_-F +0(_
6,0 33_2E-02 8, hO_9_E.-O[ 1, _O_5_E',O0

9, 9029_E-Ot 8o00509E-0[S 6,03387E-0Z
9 6,03_2E-OZ 1.t_(_50E+O0 1.92_32E-01

Zt 6.03_2E-07 _._,_,G_OE--- -1.02372E*00
03]_ ?E-OZ 1. _-_IIOE*O0 -1,63180E_O0IZ b,

I] 6, _ 3382E-02 1.7_%3GF _ -+,23_87E+QO
Ik I,WSh35E-01 I.SZ3hOE*OO -2,572_E÷00
lS 3, 2227 IE-OI. t.8_t+OE_O0 -2,6_._31E÷00
_6 1o 6._370E-O'. '--,78820E+ gO -?,_ZqTTE ÷01)
17 to63320E-01 1,69826E*00 -2. 06563E÷00
18 :L,63320E-0t 1,63023E*O0 -t,79021E+00

63320E-01 1. 56170E+00

TRAJECTORY TIME STEP 3

J AREA(_,CM! Y(CM! STRESS(MPA)

909_E-02 9,71378E*003_?E-02

k 6, C3I_+E-OZ _, 89_9E-01 7.058_5E+00

3382E-02 6,89e99E-05 _.kO313E+OO

i E,O3]e?E-O+ 9o9t 09eg- 3.07597E*O06,03_82E-02 8,_ 01
Zg_E-0_ 1.7_78tE+00

g 6.033_?E-OZ 1,I_O50E*O_ k.20153E-01
10 6.03182E-0+ 1.29070E*00 -9.07508E-01
1_ 6.03187E-0? [,k_OSOE*09 -2,23517E÷00
12 6.03_B?E-O+ hSSttOE*O0 -3.56983E+O0
;3 6,C3]_2E-02 1.7_130E+00 -_.890_9E_00
1_ _,_q_35E-OL Z,BZ3_OE_O0 -5,6161_E+00
15 3,?+771E'01 1,8_120E*00 -5,77353E*00
16 1.6312_E-01 1,TS_ZOE÷O0 -5,30511E*00
17 i,63_+_E-Ot t°E98Z6E_OQ -k,91006E*O0
• _ 1,63_OE-Oi _.B3OZ_E+O0 -3._o_7ff+00

1.63320_-0i 1,_8_60E*00 -3,50537E+00
20 h6332QE-Oi I.56_TQE÷QQ -3,30298E*00

TRAJECTORY TIME STEP

j _REA(_O,CHI Y(CHl STRESS(MPA)

1 WoI257kE-01 6.999_gE-03 1,5656|E+01
6.03_?E-_? _,9099_E-02 I _5677E+01
6,03382E-0? Z.39300E-0[ 1.25766E+01

031_2E-0+ 3.89_99E-01 1,05_55E+01
_:G3]B+E-OZ 5.]+6mmE-Ot e.eg++EE+O0
6.0]]R?£-02 6,BgBg+E-OZ 6.60337E+006.C ?E-02 e._OOSBE-Ot +.61?+ff+oo

B 6,_33_?E-_Z q,qO2qBE-Ot +.6211gE_O0
9 6,9338_E-02 1.1kOSOEeO0 6,_0i02E-01

-,, 0 _+

1i 6._3_?E-0+ 1.4_090E+00

_; 6.031_2E-02 1,59110E*00 -5.3_317E*006.03_eZE'02 1,7_t30E+O0 -7,]3_26E+00

;5 ].+2_TtE'Ot 1._t?OE+O0 -8,65856E_Sg
16 1,633_CE-01 1,78820E*00 "7o9560_E
_7 t.631ZOE-Qt 1.69876E*00 -6,T6373E_O0
18 1.63120E-01 1,63023E+00 -5,86187E+OQ
19 h63_+OE-Ot 1,58_60E*0_ -5,25700E÷00
20 t,6132QE-OL 1.56170E÷00 -_,953k7E÷O0
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_'_PP_EDICTION OF CR EEP IN
VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
TRAJ£CTORY TIME STEP 5

J AREA (SO.CM) Y|CH) STRESS(MPA)

1 _.1257_E-01 6.9999ge-03 1.0_395E*01
2 6.03]_ZE-02 8.90998E-0Z 9.71378E+00
3 6.03382E-02 39300E-01 B.30611E*O0

03382E-02 5.39699E-Ot S,73079E_00
6.03382Eo02 6.89899E-Ot k.k0313E+00
6,03382E-02 8.koOgaE-01 3,075_7E_00

6.03]_2E-02 1.4_090E_03

1.141]OE+II "3.56983E+O0
-k..eg0_9E,00

1_ t._9_35E-01 1.823_0E+00 -5.61619E_00
_5 3,22271E-01 1,8_120E+00 "5,?T353E*O0

_ 1.633_0E-01 t.78820E+00 -_.30511E,00
l.63320E-0t 1.69826£,00 -_.51006E+00

18 1,63320E-01 1°_3023Ed0 -3o90870E_00

_ 1.63120E-01 1.58_60E+00 -3.50_37E_
1,63320E-01 1,56170E+O0 "3,30298E*g@

C£AS I ANALYSIS
ELASTIC STRESSES AT X= 12.132

NAS-1-11774

TGAJECTORY TIME STEP 1

J _REA(SO,CH; Y(CM; STRESS{MPA)

t _.1257WE-0t 6.99999E-03 5.335TOE*00

2E-02 2.39300E-0t k.286_lE+00
6.03]_E-0Z 3.89_99E-0t 3,60763Ed0

5 6.03182E-0Z 5.39699E-0t 2.92906E*00

6.03]_?E-02 6.8_899E-0t ?_O_E+00
6.033_E-02 8._0098E-0$ _:_Ttq0E*00

8 6.0]]8_E-0_ 9.9029_E-0L 8,93322E-01
9 6.OU_2E-02 .1.1_05CE+09 2.1_7_E-01

to 6.0 ._e-oz t._c_oE:_ -_.._e-O_Jl 6.03_82E-02 1°_090E -1.1_2_1E÷00
12 6.0318E-02 h5911OE+00 -1.8209_E_00
13 6,33T_2E-02 1.7_130E+09 -2._995_E+00
I_ l._g_SE-01 1.8_3_0F+00 -2.87_8Et00
15 3. ZZ_71E-0L 1.8_120E+00 -2°95090_+00
16 1o633_CE-01 1,78820E+00 -2.711_9E*00
:7 1.5_320E-0% 1.69826E+00 -2.30_13E+00

t,63120E-Ol 1,58660£+I_ -t.99TT?£+On• -1.79163E*00
_0 1,63320E-01 1,56170E+00 -1,68818E.00

T_AJECTORY TIME STEP 2

J =REA (SO.CM) Y(CMI STRESSIMPA)

1 W. I _57_E-0 t 6. 99999£-03 5° 33_70E+00
Z 6.0 3182E-0_ 8. 9099_E-02 k, 96_79E*00
3 6.03;_?E-02 Z, 3930CE-0t _..Z_£ZI_+00

6,0 3382E-02 3, 89_£9E-Ot 3,6016]_00
6. 03]B?E-02 5,396qqE-o% 2o92£06E+00

33_ P-E-0 Z 8. _009_£-01 1. 5719._E _00
6.03182Eo0_ 9.9C298E-0_ B.933_2E-0i

9 6.03187E-02 1. 1_050E+00 2.147_3E-01
10 6.0 3382E-02 1. ?9070E+00 -_.63835E-01
_i 6° C 3382E-02 h _0q0E+ 03 -1. l_tE_ 00
:2 6.033e?E-02 1.59110E*03 -1.82099E*00
1] 6.03382E-02 1.7k, 13.)E,, O0 -2._957E*00
1_ 1. _ q(,35E-O 1 l,SZIt, OE.O0 -2,870e_BE+O0
t_ 3.ZZ271E-01 1°8412CE+00 -2°95_9GE+00
15 1. 633ZOE-01 1. 78820E*00 -2.71'. _¢E+00
17 1,63320E-0i 1,69826E+00 "2.30513E÷00
•_8 h6 3320E-01. h 63023E_'00 -1°99}'7TE+00

_ h 63320E-0t 1, E8_60£_00 -1*79163E¢00
1. 63320E-O:L h 56170E+00 -1,,68818E_'00

TR,'.JFP, TORY TIME STEP 3

J _RE_ (SO,CM) Y(CM) STRESSIMPA)

_.tZ57_E-0t 6.ggqqqE-03 t.t6WggE*0t033_2E-02 8.qO998E-02 1.08_00E+01
6.03182E-02 ?. 39300E-01 9.35_PE*00
6.0 3]_2E-02 3. 89499E-0i 7. 87883E+00

6.0 33R_E-02 5,396qC)E-0 t 6.39_23E _00
6.03182E-02 6. 89899E-0% _ 9136_E¢00

7 6.0 ]]_E-02 8._0098E-0t 3. _3_0_E÷00
6.333_E-02 9. 90298E-01 .t. 950_6E+00

11 6, :] 3182E-02 1. W,WOgOE+O0 -2.kgkIZE',O0
12 6.03]B2E-OZ 1.59110E*0_ -3.92591Ed0
1] 6,03182E-02 1.7(,130E+00 -5,_5750E |'00
J_t J.,_.9_35E-0 t h 823¢,0E+00 °6° 261'35E+00
_5 3, ZPZI tE-Ol 1,8_12')E+00 "6, _,&,? 93E*O0
16 1. 63320E-01 • 1.78620E+00 -5.92019E+00
17 t. 633,?0E-9 I. 1,6g_26E+O0 -5. 0329EE','00
18 h63]20E-Ot 1.63023E+00 -_, 361_8E,,00
J9 1.63]20E-0i 1.58_60E+00 -3.91179E_00
20 J.. 63320E-O 1 1. 56170E+ O0 -3,68593E+00
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_VMETALLIC TPS PANELS

PHASElU
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
TRAJECTORY TIME STEP {*

j AREA(SQ,CMI YICM) STRESSIMPA)

t _,1257_£-0t 6,99999E-03 1,74713E÷01

6,Q3TB2E-O_ B._O_gBE-02 1.62567E_01B._3]_2E-0Z 2.39300E-01 1.40348E+01
6,C33B2E-0Z 3. B%_OE-01 1.18129E+Ot

5 6,03182E-DZ 5,396qgE-D% 9,59092E÷00
6.03382E-0Z 6,8989qE-Ot ?,36898E_80

6.03382E-OZ 8,_0o_E-0t _.I_?O_E_OO6,03]_2E-Q2 9,qO298E-Ot 2,9251_E400

9 6,03382E-02 i.i&C5OE+90 ?.03IS?E-O%
%0 6.03]B2E-02 1.29070E*00 -1.5187eEo00

6.03TB2E-OZ t._40qOE_00 -3.7_OT2E*O0

]82E-02 1.74130E÷oQ -B.tB46_E*O0

I_19 3.2Z271E-O_1'4q_35E'O 1,823_0E*00 -9.39_IXE*QOi,84120E*00 -9,65245E_00
t6 1.63120E-01 1.788Z0£*00 -8.87850E_00
1T 1.63370E-01 1,69e26E*O0 -7,54793E+00

t8 1,63120E-01 1,63C23£÷00 °6,54151E_00
2Q_ 1.63]20E-01 I. EB_6_E*OB -5,86651E÷001.63320E-01 1.56170E*OO -5,52779E*00

TRAJECTORY TIME STEP 5

j AREA(SO°CM) YICM) STRESSIMPA)

i _,t257_E-Oi 6,ggqggE-03 1,16499E*0%
6.031_2E-Oz 8._09_SE-OZ t.O_.OOE.0!
6.o338ZE-OZ Z.39_OOE-O_ _:_.0087683E*ODW 6,03182E-02 3.89499E-Ot
6,033_ZE-OZ 5.39699E-Or 6,39523E_00

t . 6.03382E-OZ 6.89899E-0% _.91364E*006,0338ZE-02 8,koOgaE-Ol 3,_320fiE_00

49_32E+006,03]_?E-0_ 1,44090_*00

:_ -3.g?Sq!E*O0
_3 _;_3_82E-OZ 1.EgIIOE,O0358_E-OZ 1.7413L£*00 -5.4_750E_00
1_ lo_q_35E-O1 1.823_0_*00 -6,26735E_00
15 3,2227tE-OL 1,84i20E_03 -6,_293E*00

t,B]3ZOE-O$ _, 69_2EE÷00 -5,03296E÷O0
18 1.63]ZOE-01 1.630_3E_00 -_.36i88E_00
i9 1,63320E-01 i,_8460E*00 -3.91179E*00
20 i,63320E-Ot 1,_6170E_00 -3.68593E_00

CA_E [ ANALYSI_
ELASTIC STRESSES AT X: %9°99W

NAS-I-11774

TRAJECTORY TIME STEP 1

AREA(SO,CH) YICM) STRESSIMPA|

i 4.L2_?4E-O1 6.9999qE-03 _,70528E_00
Z 6.03]8_E-0_ B,9099_E-OZ S,_08&TE*O0
3 6,0318_E-02 _.39300E-01 _.5830_E+00

6.03_8_E-32 3._949qE-Ot 3,85751E*00
5 6,03]_2E-02 5,39E99E-Ot 3°13193E*00

8_9qE-01 2,_0635E*QO

8 6°03]_?E-0_ q.9029_F-Ot 9,55197E-0%
9 6.0T]B2E-02 1.14050E+00 2.Zq617E-Ot

10 6,C3_2E-02 i,29070F*00 -_.qs(_&2E-Ot

11 6. C3J_E-OZ _.4409GF*03 -i._ZlS4E*O0.SgltOE_O0 -1,94712E_00_Z 6,03]_E-0Z
13 6. C3387E-OZ 1.74t30E_03 -2,67270E_00
14 I,_9435E-0i 1.823_CE+00 -3.06g3OEtOO
t5 3,2_271E-01 t,841_OE*Ou -3,15E29E÷O0
16 ?.63320E-Or 1,78e20E*O0 -_.899ZqE*O0
17 I,E]I2OE-Ot 1,6982E_00 -2,W6_79E+O0
J8 I,E33Z_E-Ot 1,63023E*00 -2,1361_E_00
ig 1.63]_0E-01 1.58h60E_OO -I.glST_E*OO
20 t.63_OE-Ot 1.5617GE+00 -t.805t1E+OO

TRAJFCTORY TIME STEP 2

IPEAISO,CM) Y(C_i STRESSIMPA|

1 _.1_57_E-01 6.gggggE-03 5,70528E_00
Z 6,03_B2E-O2 B.90_SE-OZ 5.30867E_00

6,OXX_?E-OZ 2,3930_E-O_ _,58309E_GO3
6,03]B_E-OZ 3._gq99E-Ot _.ff5751E*O0

5 6.0]te2E-O_ 5.]96q_E-0i 3,13i93E÷00
6 6,03382E-0Z 6,8S93qE-0t 2,40E3FE_00
? 6,OI]82F-OZ 8,_0_9_E-05 1.68078E*00
8 6,03]B?E-O2 9, gO_98E-OL %5519?E-Ot
9 6,033_ZE-OZ ' t,I_GSOE*O_ 2,29617E°Ot

10 6,03_2E-OZ 1,29070E*00 -_.9596_E-Ot

_E-02 1,591tOE÷O0 -1,9_712E÷00

:4 1,49_35E-01 1. -3.0&g30E_OO
3,_2_7tE-01 i._4120E_O_ -3,1552_*00

-2,89929E*QO

1_ 1°63120E-01 1.6_826E*00 -2,46GTgE+O0
18 1,633_OE-Ot 1.630Z]E÷O_ -2.1361_E÷00

56tTOE_O0 -1,8051iE_|_1.63320E-Ot
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|;
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!

IN

z -_-_'_M ETA L LIC TPS PAN E LS

PHASE III

SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT
TRAJECTORY TIME STEP 3

J AREA(SO.CM) Y(CM) STRESS(MPI|

[ _.1_57_E-0t 6.99999E-03 1o2t.96_E+01
2 6.03182E-02 8.9099_E-0Z 1.15908E+0t
3 6,03]_2E-02 2,393002-0t 1,0006EE_Ot

6.033_E-02 3.89_99E-01 8._22_1E+00
5 6.03]822-02 5.396992-0t 6.83_192+00

6.0]]822-02 6.6989qE-01 5.2_3982+00
6.03182E-02 8._009_E-0t 3.6_772+00

8 6.0318_E-02 9.902q_E-01 2.0_5552+00

1_ 6.031_22-02 l.t_050E*00 ._:_t3_lE-0t6.03182E-02 1.290702+00 082872*00
Jt 6.03182E-02 1._0902+00 -2.667082}00
12 6,C3]8_E-02 1,591102+00 -_,251302+00
]3 6,031822-02 1,7_1302*00 "5,_3551E+00
J_ 1,_9h35E-01 1,823_02*00 -6,70t_5E+00
15 3.22_712°01 1.8_120E+00 -6.88919E+00
16 1,631_02-01 1_788202+00 -6,3]0252+00
tT 1.63]?02-0t 1.698262*00 "5° 3el_TE+00
J8 1.63370E-0t 1.630232+0a -_.E6h01E+00
1_ 1.63)202-0t 1.58_60E+00 -_.1827_E*00
20 1,63320E-01 1,56170E+00 -3.9_12_E+00

TRAJECTORY TIME STEP

J AQEAISO.CM) Y(CH) STRESS(MPAI

1 _.1_57_E-0t 6.9999qE-03 1.8681_E+01
2 6.Pq822-02 8.9099_E-02 1.73_27F_01
3 6.03182E-02 2.393002-0t 1.50069E*01

3.89_9_E-0t 1,26311E+01
3T822-02 5.39699E-01 1.02552E+_)

6.D318_E-02 6.8989qE-0L _:_7q3_E,00

I_2E-02 9.902q_E-0L 3.1_770E+00
9 6,03]_2E-02 1,140502+00 7.51_612-01

10 6,03]_22-02 1._9070E+
999822+00

12 6.03i822-02 1.5_1102+00 -6.375662+00
1] 6,031822-07 1,7hl]02+00 -8,751592*00

_,_9_3rE-OL 1,823402*00 -t,O0_OJE*01
J, 3.22,71E-0t 1._41_0E,00 -1.033172+0t
J6 1. E3_OE-0L 1 786202+00 -9._93_7_*00
17 1.631ZOE-0t 1.69_62+00 -8.070732+00

18 1.633_0E;Q101 1,63G232+00 -6,9_6_+00]9 1.63]_0E 1. b8_602+00 -6.27Z852+00
20 t.633_0E-0t 1,_6170E+00 -5.91066E÷00

TRAJECTORY TIME STEP 5

J AREA (SO.CM} Y(CM) STRESS (MPA)

i _. 1 257_E-0 t 6. _9_992-03 1.2_568E*01

6.0338_E-02 8. qG99aE-02 1.15q08E+0t6. 03382E-02 393002-0t

6.03382E-02 _" t. C0066E,0i8g_gqE-0t 8. _22_12+00
6, 0.1_8_E-02 5, 39699E-01 6,838192÷00

0338_E-02 6,898992-0t 5,25398E*00

II 6°0 3 ]P_?E-02 I. _hO9OE+O') -2o r.6 _0 86','00

I_ J,_9_352-01 1, 823402+00 -6,?OlkBE+O0
15 3,229.71E-01 1, 8_1ZOE', O0 -6, 889192+00

• _E- t

1,63120[-01 1,63C_3E+00 -_, 6640 IE+O0
,lg 1. _:!120E-O_ _. _e_,eoE+OO -_,. t 827_,g+Oo
2O h63320E-Ot 1, _61TOE_.O0 -3,qkt2_E+O0

STRESSES AT X= 22.850

NAS-1-11774

TRAJECTORY TIME STEP 1

J AREA(SO.CMI YICM) STRESSIMPA)

1 _.tZ57_E-01 6.999992-0] 5.8q006£*00

6.033e2E-02 8.g0qgSE-0Z _:_80&IE+OO6,031822-02 2,393002-01 ?31536+00

6.03t_E-02 5.39699E-01 23337E+00
6 6.03J8_E-02 6.89eqSE-0t 2,_8_E*00
7 6.03_E-02 8._009_E-01 1.73521E*00
8 6.0138_E-02 9.90298E-0t 9.8613hE-01
9 6.03182E-02 1.t40502+00 2.3705_E-01

I_ _:#],_---OZ 1.2.70E.00 -5.,.2_E-Ot]8_E-02 1.bhCSCE+0O -1.261112+00
t2 6,03)822-02 1,5_tlCE_O0 -2,010_8E*00
J3 6,G318_E-02 t.7_1302*00 -2.799262*00
1_ 1,_%352-0t 1,823_E+00 -3,_TtE_O0
:5 3.2_712-0t 1._1_DE*09 -3.257_92+00
16 1,63120E-01 1,78_20E*00 -2.9q3202+00
17 1,631_02-0t 1,69826E+00 -2,5_62E+00
18 h63]20E°Ot 1,630_32*00 -2.20533E+00
19 1,63)20E-0L 1,28_60E_00 -1,97?77E+00
20 1,6312_E-01 1,56170E*00 -1,86358E*00
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_- _ _EDICTION OF CREEP IN

_/VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

NAS-I-11774

EXAMPLE PROBLEM 2 OUTPUT

TRAJECTnRY TIME STEP Z

AREA (SO,CM) Y(CM) STRFS$IHP&I

1 _.1757kE-01 6.qgqq_E-03 5._OOEE+O0

6.03_BZE-0Z e._099_E-0Z 5._06tE*_
8%99E-0L 3,987_5E+00

3.3B2E-02 5,39699E-0[ 3.23337E*00
-ÙZ 6,89899E-0t 2._8429E*00

_,,,ZE-02 %:.O0_.E-Oi t.735ZlE.O0
_029eE-01 9,_613_E-0133_2E-02

% 6: 3_A2E-O? l.t_oSOE+o0 2.3705hE-01
io 6.a._zE-oz 1., O,CE.OO -5.1_o25_-ol

6,0 3]_2E-02 t.4_090E+0_ -1._6111E*00LI
J2 6.033_2E-02 1,591iCE*00 -2.01018E+00

i.?_t3OE+O0 -2.75926E+00
13 6.0338_E-OZ 823_DE+00 -3.16871E+00

-3,25T_gE*O0
1, 1.,9,35E-0i ii
}6 1.63320E-01 788Z0E*03 -2.99320E+00
1T 1o63370E-01 1.69826£+00 -2.54_62E+0_
18 1. 633_OE-Ol 1.63G Z3E*Oa -2, _O 533E+00
19 1.63320E-01 $.58_60E÷00 -1,97777{+00

1, 56170E+00 -i. B63fiBE÷O020 h633ZOE-Oi

T_A.IF_TORY TIME STEP 3

J AREA (SD.CM) YICM) STRESSKMPA)

1.19662E+BI
_.03_E-02 Z.39_00E-01 l.o3]off*o_

3, Bg_99E-Ot 8.Eq_20E÷O06.03382E-02
5 6. O3IS_E-OZ 5.396qqE-0t 7,0_q67E+O0

6,033_2E-0Z 89_99r-01 5,42h15E+O0
6.

9 6.031BPE-02 ,ikOSOE*O0
1o 6.os_zE-oz _90_OE+OO -t.li_9_E.O0
|1 6,0 3]87E-02 i,q_Og_E+03 -2.753kTE+O0
12 6.03182E-02 i,sgItCE*O0 -_.3889gE*00
13 6,03_eZE-02 i. TW130E+O0 -6.02_52E+00
I_ 1._9435E-01 1.823_E*00 -6.91850E+00
_5 3.2Z_71E-01 t.8_1?0E+00 -7.11232E+00
16 1.63_2_E-01 t,7BB_OE+O0 -6.5352ff+00
|T 1.63320E-01 " I 69826[_00 -S,55587E+00
J8 1.63320E-01 :E3CE_F+O0 -_.8150ZE*OO
Jq 1.63120E-01 _._8_60E+00 -4.31821E+00
20 1.63320E-01 1.56170E+00 -4,0688gE_00

TeAJECTORY TIME STEP W

J AREA(SQ.CM} Y(CM) STRESS(MP_;

1 _.1257_E-01 6ogg£gqE-03 1.97865E÷01
6,03T_ZE-0Z B.qoqg_E-02 1.7_S_E+Ol
6._]]fl2£-0? P,393_E-Bi 1,5_93_E+Gi

6,03182£-02 3,8%99F-01 1.3B4_ZE_01
5 6.03182E-02 5o39699E-01 1.05_ThE+01

6, C]187E-02 6,89qgqF-01 8.13_59E+00
6oO3]_zE-O2 8,_OOgaE-O% S,681_OE+OO

6.03187E-OZ 9.9029_E-01 3._7900E-_00
9 E.O3_ZE-g? 1,1_05_E+00 7.76712E-01

10 6._3]B?E-OZ i,_9070£+0_ -1.67_8_+00
11 6,03]#2E-02 t.4409&E+00 -k,1293TE+O0
12 6.03]_2E-02 1,591tOE+O0 -6.58216E*00
_3 6.033_?E-02 1.?k13_E+OO -9.03_gSE_O0

1. _9_35E-01 1.823_GE_00 -1.03757E+0i
_ 3.72271E-01 1.8_t2gE+O0 -1.06_:_3E+01
16 t.E_Z3E-01 1.78ezo£,0o -9._0095E+00
17 1.63370E-0i 1,698_6E+0_ -B.33?13E+O_
]8 1.6332_E-01 1.E3023E*O0 -7.22ttSE+O0
19 1.633_0E-0% t.58_60E+00 -6,_?607E+00
20 l.E33?OE-01 1.56170E+00 -6.10210E+00

TR&JECTORY TIME STEP 5

j JREA(SO,CM} YICM) STRESS(MP&i

[ _,_?57_E-0% 6,9_9_9E-03 1.28602E+01
2 6,03382E-07 B,90998E-_2 1,%9_62E+_%
3 6.03382E-C2 2.393DOE-D1 1o03307E÷01

6,033_2E-OZ 3,_949qE-01 a,6£5_OE+OO6,03387E-02 5,39699E-01 7.05_67E÷00
6 6,03382E-OZ 6.89899E-01 S.k2415E_o0
7 6,03382E-02 8,kOOgBE-Ol 3,78863E*00

12 6._33_?E-02 1.59110E+00 -_.3_99E+00
13 6. u 3]aZE-O? 1.7h130E+O0 -6.02_52E÷00
i_ Z,_%3_E-O_ heZ3_OE*O0 -6.9t_50[*_0
15 3.22771E-01 1.84170E+0') -7.ti?3?E*uu

1.78e2OE+O0l. E3320E-O¢
1.63370E-01 1,69826E*00 -5,_558TE÷00

IB h633?OE-Oi %.630z3E+O0 -_.81507E+00

J9 t.63320E-01 1.58_60E+00 -4.31821E*00
4 1.63320E-01 h56170E_O0 -k,O688qE+OO
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  O,CT,ON IN
_>'VMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT

EXAMPLE PROBLEM 2 OUTPUT
CREEP PREnICTION COMPUTER PQOGRAM

TPSC EXAMPLE PROBLEM 2 TIME HARD

SINGLE FACED CORRUGATION TPS

SKIN GAGE : .0216 CM
CORRUGATIOh GAGE :_u_ER oF CO.UG_TIOZ= ¢M

PITCH LFNGTH = 3,630 CM
FLAT LENGTH : .711 CH
rANEL EOGE LENGTH = MCO.°GAT,Dh,"GLE:  EGREES
PANEL DFPTH : t.852 CM
CALCULATED MOMENT OF INERTIA =
ELASTIC NEUTRAL AXIS = 1.188 CM

PANEL LENGTH : "5.70 CM
PANEL WIDTH : 51.60 CM

NEGJTIVE BEAD
RADIUS : -3.180 CM
WIDTH = . 2.620 CM

APPLIED LOADS
UNIFORM PRESSURE (PLATE OPTION)

1,20 360B? CN"6

NAS-1-11774

TIME

1.33
_.67
7.50
8...H

BENDING MOMENT DISTRIBUTION

BEAM STATION (OH)

2.86 5.TI 8.57 El.W2 1_.28 17.1,

7.h_ ZO.8B 3E._1 _L01 (ON
KILOS)

W9,69 5S.,5
7.,, 20.88 32..1 "2.01 "9.69 55._,

16.25 _5.60 70.75 91.?_ L08._9 121.07
2_,37 68,38 1OK 37,5Y 162o70 1_1o57
16.Z5 .5.6e ?0._ 19h72 IG8.,9 121.07

19,99

59.29
59.29

129.,5

22.85

1.21
h21

133.65
200.k3
133.65

TRAJECTORY OATA

TIME (MINUTES)
PRESSURE (PA)
TEMPERATURE (OEG K)

TIME PRESSURE
START ENO

0.00 133 758,000
1.33 4.67 758.000
_.67 7._0 1655.000
7.50 8.50 2_82.000
8.50 11,33 1655,000

MIOSPAN SKIN
TEMPERATURE

11210
1231.0
1231.
1225._

101_.0

GYCLIC CREEP EOUATION DE¢INITION

LNISTRAIN)= -2.Bg_1_E*O0
-t. Tk300E-02 *(TIMEI

1,31015E÷00 _LN(STRESSI
,9131CE-01 _LN(TEMP)
• IO000E-O" JTIME_STRESS_TEMP

WHERE TIME = HOURS
TEMPERATURE = BEG K/lgOO*
STRESS = HPA

B=85

i MCDONNELL DOI.IGLA$ ASTRONAUTICS COMPANY = EAST"



BEAM STATION ICM|
TINE(HR) 2,86 S,71

L.33 ,CC16 .Q031

_:_ .00. .oo_1,093_ ,0067

11.33 .003k

PHASEIII
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT
ELASTIC DEFLECTION SUMMARY

• 0066 .0073 .0077 .0079

.o-, .oo_6 .oo, .oo73 ii_l _ :8_• C097 .0123 o0159.o,, .ol, :t_ .o,9 om .om

NAS-1-11774

OEAM STATION ICM)
TIME 2.861.33 .oooo6 _:_o.

.00032 .00063
8.50 .000_% .00080

11.33 .000_5 .00088

FIRST CYCLE CREEP DEFLECTION SUMMARY

11.42 1_.20 17.1_S.oool7 .ooo21 .o0o2_ .ooo28
.oooo,'°°"_:88_I :881_ .o0,,'°°°"
.00117 .O01,q .00176

19,99

:UU_.
,0016k

22.85
,00030
,00002
.00168

:UtU

BEAM STATION (CM)
CYCLE 2.06 S.71

1 .000W5 .00088

.00069 .00136• 00088 .0017_
4 ,00105 .00206

CREEP DEFLFCTION SUMMAPY

8,77 11.k2 14.P8.oo_, .oo1, .oo,2 _Loo_.
• 00t98 .00752 .0029_ .00331
• 00253 .00323 .00381 ,00424
.00300 .00383 ,00k52 ,00503

t9.99
,00227

,00S34

22.8S
,00232

:lilU
,0054S

HEIGHT 2.86
.0070 .0000798
.08_1 .00_0762
,2393 .000:(.q_
.3895 .0000515
.5397 .0C00532

1.14_ .CCOOGOG
1.2907 -.003G_70
1.&_C9 *.C_001_6
1.Eqll -.C_0030_
1,Z_13 -.0000_1
1.823k -.0000'_9
1._12 - 000_w59

1,63G2 *,0C00332
,58,6

BEAM STATION ICq)
5.71
O00"sO_;
0 Do 29_,_,
000270o
0_02370
03 _ 2050
0001_98
00CII_
0200857
OGG03_O

-.0900_66
-.0000753
-.0001175

.0_01552
-.0001733

8.57
.0005h77
.C005227
,000_7?7
.000_06
.0003637
.C003013
.C_02321
C001536

._C_6Z4-. 00_67
-.0001331

-.Ito_o-, 027_
-.C003068

_0_1_8 :C00256k

ooozts_ _"- 020,9
:000109? :coo$9,o

CREEP PREOICTION COMPUTER PROGRAM

CREEP STRAINS (PERCENTI

CYCLE 1

Oo76qk
0o073_
G_066_1
000_906
0005105
000_28

_03?_6
902151

0000876
-.090_656

000186921o0_z_21
-.000306i
-.0_0_2_5
-.000_70
-.000_136
-.000360_
- 0003175

00028780002775

1_.78 17.1_ 19.99 22.85
.0009587 .0011069 .0012053 .0012569
.C009211 .0010633 .0011_0 .001_074
• 0008272 ,0009%? .0010398 *00108_2
.0007355 .0008_88 .00092_6 ,00096_0
.0006357 .0C07335 0007992 .0_08332
.0005_65 .0C0_073 :09066_0 .0006901
.C006056 _C_676

•000109_ .o001_2 .oo0t_86 .O00i&_6
-.000.0_12 -.000_938 -.0001010 -.0(01053

::_ -.ooo_,-.ooo_o,-.ooo_-.000_192 -.000_552 -,000_7,6
-.300_803 -.000_5_3 -.0006022 -.000_279
-.0005356 -.0006102 -.0006766 -,00070_5
-.0005_37 -.0006276 -.0006879 -.0007173
-.00051k5 -.0005930 -.0006_$_. -.0006727
-.00_79 -.0005170 -.0005616 *.0005855
-.00039_9 -.000k557 -.000_9k9 -.00051_0
-°0003579 -.000_130 -,QOQ_k8_ -.000_676
-,0003388 -*0003910 -,00042_5 -,0£0_426

,0070 _.7_F-O]
,0891 1.6_E-03

39 E*O:_-o
,5397 -i.0_-02
.6899 -L.2_E-OZ
• 8_01 -1.31E-02
,99_3 -1,19E-02

I.I_C5 81E-0_1,2907 :_:TSE-O
i,_Oq 2._r-01

1.,9. _.,L!l'°°-1.7k13 1
1.823k 2.72E-0_
1.8_12 -6.6t_-G5
1.7_82 5,9_E*9_
1.6983 1.39E-03
1.63_2 2.8,E-03

3,O_E-O

CREEP PREDICTION COMPUTEP P"O_,RAH

_.r"ImJ_L _,TRES%r': (_PA)

CYCLE 1

_.71 _._7 Ii,& _ i_,m_ t7.1_ !%99
1.815-02 3.155-02 W.W_E-02 5.515-0_ 6.33E-02 7.065-02
6,53E-03 1.125-02 9.05E-0] 1.tZE-OZ z.zqE-02 1.555-02

:_.6 C- _.995-02 -2.TTE-CZ -3.,]F-02 -3.9kE-02.,_-I_ .79E-O_-_._E-O_-_.Z_E-02-9._E-,:_:_1[:8_
• 715-02 Z -6.9_-02 -9.69E-02 -1.20E-01 -1.3_E-01 -1.505-0t-8.35E-02 -1.i65-01 -1._E-01 -1.66E-0t -1.81E-01

-_.975-02 -8.81E-02 -1._35-01 -1.76E-01 -1.92E-0i
-,._E-O_ -_.9,E-o_-_.,_-ol :l:_l_:_t -1._9E-Oi-_.7_E-Ol
-3.0_E-9 *5._0E-02 -7.585-02 -9._E-0_ -i.09£*01 -1.205-01-1._-0 ] -]._E-o_ -s._7_-_] -_._55-0] -7.905-0_-i. 005-029.0,E-0_ ,._5_-_Z 2._75-02 2._-0_ ].,E-02 ].1_E-02

.8_E-02 2.6ZE-02 3,195-02 3,675-02 3.79E-021.09E-02 1
6.53E-03 i. OqE-O_ i.53F-G2 1.877-02 2.10E-02 2.0_E-02
6.22E-0_ 3.86E-0_ -5.77E-C3 -1.1CE-03 -1._6E-03 2.63E-03

-6,72E-0h -%,90E-03 -7.95E-03 -1.07_.-02 -i.235-02 *7,905-03
3.0te°03 6,635-03 9.30E-03 1.087-02 1.2_E-02 t°09E-02

-03 1.'15-02 1.98E-02 2.385-02 2.7ke-02 2.755-02• 03E-02 1.775-02 2._?E-02 3.00E-02 3._55-02 3.53E-02

_:_[:_j z.,E-o2 2._,-, _.2_c-, . .-1.91(-02 2.67E-02 3.25E-0Z

B-86
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2,85
.36E-02

1,525-02

:_:_:_I

:[:ODE-Or81E-0_
-1.25E-0¢
-1.05E-02

3.265-02
3.95E-02
2,125-02
2.76E-03

-8.22E-03
t.13E-02
2,86E-02
3.68E-02



_'_ _EDICTION OF CREEP IN

++c
PHASE III

SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT

CREEP STRAINS (PERCENT)

CYCLE 2

BEAH STATION (CHI
HEIGHT 2.86 5.71 8,57 I t.47 1&.28 17.14

,0070 .C0_1236 .000_779 ,0006_98 o001188_ °0014811 ,00%7009

• 0891 ,0001181 .0004553 .C00809_ 0011396 o_R14199 ,0016387
.2393 .C001063 .OOC_129 .C007236 :0010255 .-- 12776 ,001_75_

.+89, :_8t8_ .0oo3538.coo6+8 .ooo9o98.0o11_31.OOlm2•5,9, .ooo3_,2 .ooo_73 .ooo78_7.ooo9769.OOllm

• " - ,, _J:71.:, ..... _5_ ., : _ . _ ._.c . 5] :_ . . _

1,',_ _ ",212" :_ -. ' "_ -, ]._?r,_ ) }' _73 -,.':;_,37 -,: :q;_'_2
1,_:_ -.',..I.._ _:._',_ -,' ]_Lt_L -,I" _3_ ', -,_'°;77 -,'''4c_3

-.0_02228 -,0003954 0O_5569 -.J:?f53, -.O_OP_
h6302 -,000_512 -,000_96_ -,C0_3486 _",000_q08 .0006111 -,0007057
1,5046 -.0000_6_ -,0001781 -,C003159 -.0_0_48 -.0005537 -,000639_
1._617 -,O000_O -,0001686 -,_002991 *.0004211 -,00052_2 -,OC060_3

19.99
,0018797
,0017900
,0016095
,001_270
,0012299
.GOI_I'.5

. - _?, _
-_C_-_

-.')l_7Z

-.000769_
-°0006971
-,0006699

NAS-1-11774

22_85
,0019fi00
,0018664
,0016781
,001_877
,0012821

.S'_P17Z

-.0FC7_77

-.0011128

-._:_• 91C 5
-. O [080Z2
-.0007_68
-.000688Q

CREEP PREOICTION COMPUTER PROGRAM

RESIDUAl STRESSES (MPA|

CYCLE 2

BEA_ STATION [CH|
HEIGHT 2._6 5.71 B.57 11.42 14.28 I?.14 19.99 22.85

,0C70 6,502-03 2, 44E-02 W.212-02 7.012-02 0.692-02 1.01F-01 9,092-02 9,462-0_
,3891 1,782-03 7,972-03 1,]_E-02 1._6E-02 2,34E-02 _._ZT-02 2,812-02 2.932-02

393 -W,442-03 -e.0_E-02 Z Z? -0g -_._4E-02 -S.l?r-02 -_._3E-0g -6.w3h0Z -6.682-02
"_096 -1.o_-oz -3._E-02 :6:_ oz -1.23F-01• - 02 -1._E-01 -1,_02-01-9.92E- -1.41E-01._3,7 -i._6_-o2-,.,,E-O2-1._22-01-,.,42-01-I.7,_-0_-_.0_-01-2.,E-01-2._2_-0_._9 -1._,E_2 -7.022-02-1.2_-01 -1.,32-01 -2.1,_-01 -_.,,_-_1 -_.692-01-_.,E-Ol
.99C3 -1.79_-02 .ttE-O2 -1 19E-01 : :_ -Z.gZE-01. .652-01 -Z.CS_-OI -2.362-01 = : -2,292-0[

1.1_5 -1.192-02 -_.60E-92 -_.16E-02 -1.15E-01 -1.k32-01 -1.652-_i -1.792-01 -1.flTE-Ot
1._9.7 -5,432-04 -2,892-_] -5.142o03 -7.42_-03 -9.812-03 -1.122-02 -1.]32-02 -1,392-02
1,_4_g 3,822-03 1,332-02 2.322-02 3,262-02 4,01F-02 _.632-02 _.962-02 5,16E-02
1,_911 _,5_E-03 1,60E-02 2 702-02 3,9_E-02 4,842-02 5.61E-02 6,012-02 6.262-02
%.7413 2.3_E-03 9.20E-03 _:51_-02 2.32E-02 2.8_E-02 3.30£-02 3._9E-02 3.63E-02
1.8234 3,872-0_ -2,10E-0_ -5,912-0_ -5,7_E-03 -3,q32-03 -2.922-03 3,?02-03 3,8S£-03

1._.,2 -1.06E-_3 -_,_g_-_ -_,_[ _1 -6.7,E-_ -8.,F-03 -1.012-02 -1.20E-02 -1.25E-021,7882 1,17E-03 _._r_-03 7. : 1,06E- 1.Z8E-02 I.GOE-02 1,_2E-02 1,482"02
_.6983 2,4_E-03 1,202-02 _°OqE-02 2.98E-02 3,6SE-OZ _,2_E-02 k.522-02 . _.712-021._._ _.3,E-03 I.,_E-O2_.52_-o23.712-,2 _.$62-o2 _.282-_2,._E-o2 ,.892-o_
i._846 ,.6o_-o3 1.612-o22._12-02 _3.962-02,.872-_2 _.642-_2 6.0S_-R _:]ff:l_*01E'0_ 5,71E'02 6°122-gZ1.5617 _,652-03 1,63E'02 2,852-02 k,932-02

NEIGH(
.0070
.OB�t
.2393
.J895
.5397
.&899
.q&"1
._q.X

1.1_

1._:.7
l._w.O

._ct:

I,_
1,_w1 _
1.7882
1.6983
1.6302
1.5846
1,5617

BEAM STATION ICMI

CREEP PREDICTION COMPUTER PROGRAM

CREEP STRAINS (PERCENT)

CYCLE 3

2.86 5,71 8.57 11.42 14.28
• 0001579 .000E129 .00109_6 .031523T .00189g8

01042 .OOO_009 .0007079 .0010016 ,0012488
°0_862 .0003312 ,00058k6 ,0008260 °001c2q9

.:_2_ =_ ._:_:6_ .CO;_'q ._rq_o_._ ,_;'r+_3...

.'C_e_ 7= .31 3_ .r J?l$q_ .02017_ ._??_0
-,C3_13b -. _ ::,?_71 -. ]] J.=_ -.0]_1202 09C1(C5

,c, K3_/ -.:?{ LWT_ -,C912,_t0 -.OuQ3B?G -.''1n_77

-.OOJQ_3 -.0053Z41 -.C005750 -.0008116 -.061_137
-.0000727 -.03028_ -.0005033 -.0007z12 -. 0008861
-.000_554 -,0002507 -,000_35 -.00062A2 -;0007802-.o,0,3 -.o_2m -._oo4o1_-.o0o66+,- ooo,_6s

-,0002151 .0003805 -,0905367 :0006686,0000562

17.14
0022030
0021006

0018940
0016763
0014424
0011892
0009118
8::59_1

- 0.127:6

-.O_llr.')_
-.00102_0
-,000901_
-,0008162
-,0007725

lg,g9

:_24o2o22790
00_09_5

00tAtH00152_5
.0012898

0009888
:3]er_97
,_0_2_3

-i_
03127_3

::oot_132
-,0_09803

::_
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22.85
.0C2S0_7
,0023763
.0C71620
.0018956
,0016309
,0013_4_

._010306

. , C91771

.C"0275_
-,_207113
- • 0 C0600 ?
-.0C093'_5
-,001__
-. 0 Ci 39_3
-,0".1_?_1
-.0C132_5
-.0 Cl1607
-.0010220



_t"_ P'REDICTION OF CREEP IN

_>_VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

EXAMPLE PROBLEM 2 OUTPUT

CREEP PREDICTION COMPUTER P@OGRAM

RESIDUAL STRE$SE_ (MPA)

CYCLE 3

HEIGHT Z,86
,0070 B,52E-03
,08gl 2,wSE-03
,2393 -6.86_-_3
,3895 -I,3_E-_Z
.5]q7 -1.95E-0_
,_e99 -Z,35_-OZ
,]_Ol -Z,w_E-02
._923 -2,2GE-02

t,t_;5 -t,_E-O?
1,2937 -6,31E-D_

,W439 W.BqE-03
.5911 5oBOE-Q]

1,T_13 2,33E-C3
t,823_ 5,56E-0_
%,8_12 -t,_ZE-03
1,T882 -I.ZtE-03
1.698_ Z,_wE-03
1,63_z 5,5wE-03
1,58k6 _,87£-03
I,_617 s.g_E-03

NAS-1-11774

BEAM STATION (CM)
5,TI 8,5T tt,AZ I_,28 1T,1_ tg,g9 2Z,85

Z,SBE-02 5.37E-02 B.T_E-O2 %,06E-0_ $,t3_-0t t.tBE-01 t,22E-0t
1.09E-02 1,9_E-02 1,95E-02 z.gZE-0Z 3.%E-02 k. BgE-02 5,09E-0Z

-2,_9E-32 -3.00E-0Z -5._7E-02 -6.87E-02 -8.0_E-02 -7,76E-02 o8,07E-02
-5,_tE-O2 -8,_9E-02 -t,ZTE-Ot -1,56[o01 -%,StE-Ot -t,SBE-O[ -_,%E-01
-7.30E-0Z -1.2E_-01 -t._0E-0t -_.Z_e-0i -2.59E-0t -Z.T_E-01 -Z.BSE-0t
-_,BOE-OZ -1.SZE-Ol -Z,lGE-Ot -Z.69_-01 -3,10E-01 -3,]JE-Ot -3._SE-Ot
-9,33E-32 -1,62E-01 -2,ZgE-01 -2,_5[-01 -3.ZBF-0t -3,_2E-01 -3,67E-01
-8,52E-0_ -1,_SE-Ot -Z,IOE-Ct -Z,59F-01 -Z,98E-01 -3.2_E-01 -3,3_E-Ot
oS,etE-C_ -t,02E-OL -t,_6E-Ot -1o8_[-01 -2.10E-01 -Z.Z_E-01 -Z,35E-01
-3,98E-33 -6,8zE-03 -I,tSE-OZ -t,_gE-OZ -J.71E-OZ -1,T_E-OZ -t,8ZE-OZ._eE-O_ O_E-OZ_._E-O_ _:_E-_z _._E-_Z91E-_ 51,65E-OZ Z,e6E-02 3, _,3_E-OZ

1.15E-0_ 1.90E-02 Z,_?E-02 3,WlE-02 _,OTE-OZ _,22E-02 _,_OE-O2
-8.61E-0_ -3.09E-03 -6.25E-03 -_.76E-03 -2.23E-03 5,_qE-0_ 5,5_E-0k

Z,99E-33 8,LgE-03 1.30[-02 1,28£o92 t.0kE-0Z 1.09E-02
1,_9E-02 2,51E-02 3,62E-02 _,_7F-02 5o21E-0¢ 5._0E-02 _,73E-02
t,87E-02 3,LgE-02 _,5%E-0_ 5.57E-02 6._6E-02 6,92E-02 7,20E-02

+,86E-OZ ,01E-02 6,96E-0_ _,51E-OZ

HEIGHT 2°86010 ,000tBBZ
89 ,O0_t79_

,]895 ,0091_*3_
,53_T .COQtZ37
.6899 ,OCCtO2]

,_"_1 ,000_786

1.2_.7 -,_C3C163
_._; -,OCOOk58

1,z+:3 -,00_0_33

t,/SBZ -,$Q01300
-,000¢a601°69_3

1.63C2 -,0000776
t,S8_6 -,OO_070_
1,561T -,0G00666

CREEP PREDICTION COMPUTER PROGR&H

CREEP _TRAINS (PERCENT)

CYCLE

DE:M ST:TION (CH!_.,_ _._ _._ t+._, _,.t_ _._ z_.,

,BOO_?]8 ,_0OB3TO ,OqttBSt ,00t_777 ,0_t70_6 °00IA_ ,OOlq308
• 0015_6 ,0015891.OOG3qt9 ,C006g01 .OJOS?86 ,OOtZlTG .001_0_9

._+++,,+ .o+o_+++ .o,+,,++ .OOOTO,+.O00T+, .o+o,+++
-.03005i5 -,_OOitC3 -.030i52g -.C001_98 -.000_1% -,O00ZAO_ -.0C0250T
-,00017_3 - T_O]O_9 -,000L35_ -,n_5_17 -, _2_ -, 0 _? -. OTt

-.ooo++u -.++++++o -,ooo+o+ -.oo+_+,, -.oo,+o+, -.oo,,so -.o0,,,++
-,G 3 _ 00%?_+3 -,0_t_m90 -,001G216 0(16q08

-, 345 -,£33687%
-, 336_ -.{005975 -,0008_5 -.001C50_ o,00121_2 -,00%3_t0 -,_¢t3773
-,0002965 -,003526W -,0007_33 -,0009Z_5 -,00_068_ -,0011_Z6 -,0012tZ2

-...m -.ooo.. -.o.?_o :ooo_m -...%z

HEIGHT 2.86
,0070 9,1_E-03
,3891 2.55E-03
°Z3_3 -_.85r-33
,3895 -1,6_E-02
,53_T -Z,31E-O_.+8+_ -z..E-:z

9;3 -Z,E_E-OZ
t.%_5 -$,78E-_2
1,29C7 -8,7_E-0_
1,_C9 5,65E-03
1,_91% 6,81E-_3
1,7W13 Z,81_-03

t:_ -_._+E-o_1.3_£-03
t,6983 Z,5tE-33
1,63C2 6,k7E-03
1,$8k6 6.85E-03
t,56t? 6,gtE-G3

CREEP PREDICTION COMPUTER PRoGRAN

RESIDUAL STRESSES (HPA)

CYCLE k

BE_M STATION (CM)
5,71 8,57 11,&2 1_,Z8 17,1k

3,68E-02 6,2_Eo02 1,03E-Or 1,2_E-01 1,_5E-0%
1,07E-02 Z.56£-02 1,96E-0_ 3.67E-02 _, 3_E-9_

-_,TgE-0Z -9.e0E-0Z ot._BE-0t -t,_ZE-0t
-8,_5E-OZ -t,_5E-01 -Z,ttE-01 -_,61E-01 -3,00F-01
-i.0ZE-3% -t,TGE-0t -Z,S++-0t -3,tHE-0t -3.SqE-0t

88 - - .6 E- E-or -3.81_-0-_.o_E-o_ "",_-_I -_.J_-_l:]'_E-o_ -_._.E-+I-9,89E-3Z 1.
-6,_SE-3Z -1,1_E-Oi -i,TZE-Ot -2,t3E-Ot -2,_6E-Ot
-_,%E-03 -7,38E-D3 -t,WOE-O_ -1,8_E_02 -2,0/F-OZ

_,56E-GZ 5,&gE-O2 6._1E-0_-OZ 3,;tE-O2
• 28E-32 k,OBE-02 5.61E'02 B.7_E-02 7.92E-02

1,_1E-02 2,32E-0_ 3,38E-0_6, 3.99E-02 _.7_£-02-2._0E-03 -2.93E-03 11£-03 -_,51E-03 -1,_8E-03

_,89E-03 1,38E-02 _,70.-C3 ,37E-0 B,ogE-O3
t,7OE-_ ].07E-02 _.30E-02 5 6.05E-02,I_E-02

_,I_E-OZ 3,80E-02 5.31E-02 6._0E-02 7,48E-02
Z,29E'OZ _,OSE-O_ 5,6_E-0_ 6.83E-02 7,96E'02
Z,32E'_Z _,t_E-OZ 5.?OE-O2 6,90E-02 8,OkE-02

19,9_ . Z2,85
[,5_E-0t t._BE-0t
5,55E-02 5,78E-0Z

t_E-0t -z.Z.-0t
-3.18E-01 -3.3t£-01
-3,8_E-0t -_,00E-0t

:+:++E-0t -Z.++E-0t11E-02 -2°19E-02
7,03E-02 7,32E-02
8,55E-02 8,90E-02
k,9?E'02 _.tSE'0Z

-2,07E-O] -2. t6E-03
-1,39E-02 -_,_5E-02

6,77E°03 7.07E*03
6,k3E-02 6,69E-02
8,0_E-02 8,37E-02
8.&OE-02 8.95E-OZ
8,71E-02 9,06E-OZ
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PROGRAM LISTING
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IN
l-_,;_-METALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-1-11774

PI41]GRAr4 TPSC( INPUt illJ rPll]te lt_IPES=]NPUI,IAp_6=HUIPHI )I}IMENS[rIq _,4_.SS (_,l) , : 'J (l_)) , I)Xi {+: (!.1)) , _(1"_' (ZO)
I XTE,"tP (24} , Yll' (6()) _ YIEvlP (24) , FIIRC(bU)
2 _SI't_,A1 (_,)) , ,:F.:-I_' (,.'_+) _ .']" (q') i I) (_.)
3 STRESS (6')1 , t_ ((,OI , Y (ou) , t_,_:lA {1()1
4 Xml.4 (1,1 , EC_IE,:,: (',) , i'_t_rtxr'tto) , xa_l_,_ (to)

5 X (2(l] , II-'RIN] ( [0 ) KCYCi. E (l(J,) YNA (|l))
6 Z( t5 ) , Pt. ilAi)[ [I_) , 4:SSI'R/6(_I,,:Si'R_I_I(60)
7, STRES(21 I

D I'_IENS I{H "_"(tr),61) ) r(zo,so) , -
1 THETAE (20,10_ , SIRAI'IE (10,60i , STRESE (10",60)

2. i)Ei:l. (lO,t')) , I}C-Fl._ (!.0,l()) I'HEI'A# (21J,l.O) _
3 I)EFLIN (10,10} , THETI20,IOI,RESSIN_(IO,60)

4 , biI-A"il]l_l[ loll()) i 9'4_I"v111'_1( lOi I, fi)

l) I MENS I IGN _tESP( III, (>f), 1 0 ), PC, rt<AN( 10,60,10 I
C-[Ir4i4I]N 91_/_dtJ'4,Pr fdiJi_41 [ NI)Pi &

I\IAMELIST /CREEP/ I)EPTH t PHICOR , PITCH , FLAT , EDGE i
INCfIR , I"S i l'C , Xll;FH i r,_ _ NR[B y _[51"=i=G v
2ZP_'_EI)! , ZPNE02 , NZEE , T_.EE y ZE_SF , Z.I_ESFI v ZEEFF ,
3ZEEFFI , 8W[i) , r_l)_J , _a, Al) ,
4PRESS , TEvlP , OXTllvlE , PLOAD ,

5ALEN , XixlIJ , PA,'l'l[I) , C , l) , _ ; ,qi'IIvl_ ,
bXTEMM , NENCAS , Y]-EI_IP , EMI}I) , ET_MP , I.ND(;EO ,
7IN(l_l) , [HI)l lit) , [Iql)St]9 , llqt)t_L#_ , [_lOl'r:l. , [,XliJl'l_lJ , <.]fCi__ ,
81i'_l)+,lfll) , II_ll)EI A ,

9'ICYCi-E t '_LJ'_ICYC , I rC.),_ , NI'FFJN , ECII6F_: , I_- .,
AHARI)IiP , Ti'IAX , INCYC , .ITIME , IEgNTP , UNTP , IDIMEN ,
HII. IIAII , [EO._ISI" , NSr4T , SEC _ NS-CI" , N_SI_CI',
C1RESID , RESSIN , ESTIFF ,INI)D2 , INL)STR ,D[TWO

Lf)fIP 0
NEWCA;=1

10 I)O 20 II=1,75 ..... .
)., Z( ii I=n. "-

IJEFAilI. r VALiJES

IRESIII=O
lift 3(1 ,J=t ,SO

RFSSTV!(J}=O,
J_l Cflt_li INIjv:

r)ll 4fl I.L=I,IO
PLF1AiJ( '.L )=fl.
PRE SF,( i. L )=0.

60 FE'4PIi_L l=O.
I TT,_k =,l
I f=l)!,l FP=C)
i l*q TtJ=O
in) I_4EN=fl
IL(JAI)=(3
I E(,',IST =0

N [C.IIN = l

I rc(iN=I.

INI) Ell=fl

IPSC l(I
, li'S(] ZI)

, IPS(. ..IC]
, IPSC, 41)

IPSC .b(J

IPSC, 60
i IpSC -I(J

IPSC dll
Tp SC '-)0
fPSC tO0
IPSC II0
IPSC t20

rp SC I -40
IP SC [ _0
IPSC lbf}

IPSC 1.60
IPSC 110
IPSC [dO
TPSC 190
IPSC 200
TPSC 2[0
iPSC 22.0
T_ SC 2 50
iPSC 2go
II>SC 2b()

IPSC 2.6(I
[PSC 210
IPSC 230

1 P S C 290
IPSC 3_i0
IPSC 310
IPSC 320
[PSC 33O

" " ' ' IPSC 340

I e .'.,C 3bO
I#SC 5_)0
iPSC 310
IPbC 34U
I'P S C 3_ 0
I P' SC. 41JlJ
TPSC 410
IPS(7 4Z()
TPSc 45()
IPS(, 440

IPSC 450
IPSC 4bf)
rpsc z+tO
I-FS C mlO
IPSC 490
IPSC bOO

TPSC 510
[PSC 520

iPSC b30
IPSC 540

[PSC 550
IPSC 56(J
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(.._ ..,r-P  O,ct,oNOF PHASE III

SUMMARY REPORT

NAS-1-11774

5f)
61)

'_( 1 )--I.
I Im ) TF I. = f)
[ Nt)I. III)=F)
I I_ll} SLIP: 0

I rli)l- I. A .--fl
tt_l I_1 11 IP= |

14ilk 17=F)
IPllJ4lli)=O
S--1 .
I Ni) P,i)= C)
INL)PI.A=O
I)EPI" H= r).

P I TCH=O.
FLAF=O.

FI)GI_=O.
FS=F).
TC--_i.

xI.GFH=F).
"h.t= (1.

R lP,FLG=O.
ZPklFI)] =0.
Z PNEI)2 =(}.
TZEE=n.
ZEESF=_).

ZEESFI=F).
ZE_FF=O.

LEEFFI:O.
HWII)=O.
HI)EP=O.

F_R AO=O.
ALEN=O.

PAN,4 II)=O.
I NIle)2 =F)
INOVL,'\=O

D( 2 )=0.

I)( 3 ):r).
IJ( 4 )=n.

I)iMI.(;[ : f),fl
Nc, FAI=4

NS FC r= t(i
SEc=In.
N_(.;FC T=6

REAl) ( 5,17m)} aMl ,AM;),Ai4"S_AM4,AM5
REAl) ( 5,c.R_,=.# )

WRI TI:(6,CREEPI
NSEC r f =NS_.C f +5

N£EC TI =NSFC T+ l
IF( ILII41).NE.F)),;IJ r(j 6)

Dr} 6o LL=I,Ni'Ii_IF.'
Pl. nAI)( ,.I. )=pl. IlAi)( i_t_ )/. CI,b i_-)9

PRESS( LL )=PRESS( LL )16894. B
011N[ IN,IE

C(_)N TI NilF_"
IF( ll)I,4E,I.N(.O);;II I'll _'(I
DEPTH=r)EPTH /2.540f)(15
PItCH=PItCH /2. b/,()00b

I I' K,i] b(1)
IPSC b_,(i

IF'SC -),),i
IPSC 600

IPSC h2('i

IPSC _J,)
IPS{_ t) qe)
IPSC. _b()
IPSC 6<_0
I'PSC 61o

TP SC 6UO
IPSC 690
TPSC l()O
IPSC ([0
rPSC lac]
ItJSC (_iF)
IP SC / 6Q
IPSC 150
IPSC 700
IPSC I IO
IPSC lug
IPSC, (90
IPSC _00

IPSC _IF)
IPSC _2()
lP SC d -iO
IPSC 84()

IPSC dbO

IPSC _60
IPSC d 10
IPSC U_tO
IPSC _0
IPSC 900
IPSC 910
IPSC 9211
IPSC 9_(l
TPSC 9 41)

IPSC 950
IPSC 'J6(]
IPSC 9 ?F)

IPSI] 9BO
I v SO 99U
1Y bf;l(}O0
IPSCIiI[(i
IPSC]020
IPSCI()_(}
TPSC i04(1

IPgOllib(}
IP SC I {)C_O

IPSCI()/O
fP SC I (itt()

fPSC1 11)t)
IPSCI t lO
[PSCI 121)
I P S(. l_ [ 30
IP SC I [ 40
tPSCI tt)()
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__PREDJCI'ION OF CREEP IN

1,_'VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

NAS-1-11774

FI. AF=FLA( t2.b40f) )b
EI)_;E = F II(;E / ?. 54(P)(Ib
fs = IS 12 .b'+(l_) )_
TC= IC 1 2. '_4[),)nh

l l4= lP /?._ tel"))
XL(; Ill= Xl_f; TH / ?. !)4()i1_)b
RIHFI.I;--RI,_FLf; /2.b3,),))b
Z V', ]El, 1 = Z b'i'il:()] / 2, ','t(_')_lb
#_Pr,IEt)2=Ztx_IPI)2 /2.bt()H })
IZE_= IZEE / 2. b4'c);)()b

ZEESF)..=ZEES61 12. b#Ot) )">
ZEEFF=ZEEFF / 2.54()()05

ZEEFFI.=ZE_.661 / 2. b4(.)()Ob
BW II)=F_W ID /2. 540005

RI)Ei J='a,0E P / 2. 540005
_K h [i= {_,'_,Al) / 2,540005

A,L E,'i=AL_,_ /2 • b ;+(-)O')_
P A,q -!] l:_=P A.,.Ik_I I) /2.54()()O5
ZEF:'SF= LE-_S6 /2 • b #()(}0'>

Esr IFF=ES 11FF/( 2.54OOO5._4. | ................
/(} C(|,,,II" ],',,ll]_

IF(XI.(;TH.EO OUMI. GT} (;fl T[) 100
DX=XL(;,'H/( 2 : _,'.ISr A I)

Dr) _() I=I,NSrAT
,1() X( I ) - I=;:,)X

l)Ilr.11_(,Tr= XI.(;TH

l)fl 9,U ll=I,riSFAT
]PR],I'I{ II ) = II

9(i XP_,l(,I[(ll) = [PRlrqF([i )*OX

]O[) CALL" (;Eft,'1( IKH)(;EII , DEP1H ,
IRIHFLG , FS , rC , NCI)._ ,

2"[ZEF , N7EE , ZFI,IEI)I , ZPNED2 ,
3ZFE'<.F , _ Y , I)Y ,

4 "'SECI , SEC _ )
IFIS.Lf.n.)(;tl _) 114¢)

C .... CALCIILATIrII,I (iF (;EIW, ETr_Y ,IF HEAD; INOI_D :
IF(IN()gi).,_(.).,')) _;_I Ftl __2,)
H] = SiJRI(HRAI)*_2 - (.b,;,P,,llt))*'<2)

ANf;LE = P,,41,)l( 2._);:--11 )
ALPHA = AIAN(AN(;I.( }

AREAHI) = AHS(.2;::ALPHA-::_I<A$):;'-FS)
C .... RIP, SIJpPI.]KT GEIIMEIRY; INI)[.,EO = l
C .... CflR,,_tl(:,,_l'I()l',lSiJPP!JRF ,;-d,1('f<Y; [N*),;_t} : 2
C .... ZEE SlJPP(JR1 _ f;9-).4ETRY; I_','I)(,EI]= 3

IF{ l,"Jl)l:,v](l- 2_) 1 lit,13'i,l_5u
1 l(I A(,tF>FC ll=_(kl.%_TC ll-le,;:-'_,_'lll);'.:lNvtlH,-1 I

!)fl |7¢) I=,,IF,_CrI,,qS-C1i"
12(/ A( I )=At4t-A,ti.);',:(I_tRIH,-I }#2 .......

GI] rr_ I/n
I '_(1 A(NSI:.C l )=A( NSEC, | }- TS#IiNIIJ:;:NCUR

I)fl 14f) I=_IS--_CFI,,,IS-CfF
14,) A( l )=A_FANI)*NCKIR:;'2.

(;fl rll tl() (N'iECI-)-TS*_'.,VIi);:,(NZEE-1)"lSi) t)fIA(NSEC 1}-,'_.(,,-C(II_,r) I ,N.g':+Ci" T

16'7) A( I I=A_IEA<)_INZEE-II*2.
l/i) t)fl lHO j:,'i,SECFt,NS_CfC
IH() BETA( JI=(I.IO-{.I-NSECT}*.?OI_ALPHA

IFiP, RAI).c,I .4.0) ,;II rlJ 2()()

TR , h/R'IH ", FI'IT_H ,
Ei)E;-_" , PH[CIJ( , r:l_A[ ,
ZEEFFI , Z.EESFI , Z'EEFF ,
@ AN _,_[ I)

IPS(. !.I f_()

fP SC I I 1()

IPSC I l.,i,')
IP .S.CI ] '-J{i

IPSI. I /.lii)
IHSCi 21()
ii_ SC 12;c'.()
IP SC l 2 3()
Iv SC I >'-40
IPSCI 250
IPSC1260
TPSCI2(()

fP SC 1280
IP SC l 290
TP SC I JO()
IPSCL3II)
I P SC i 32 (}
IP._C 1. jjl)
IVSClJg, i

IPSC!A5f)
l'P 5C 13.'_,O

IPSCI 31(i
IP SC 1 Lid 0
IPSC I :ljf_
IPSC 1490
IPSCI 41()

IV 3C [ 420
IF_SC 1 '*JO
I P SC 144u
[P SC 1 45O
IPSC 14_()
1PSCI 4¢0
IPSC l g,-In
fP S (. l 4,10
IPSC |')()O

I_SCI510
IPSC l)7()
IPSCI5 _i()
IESC1540
IVSC1550
IPSC 150f)

DSClb tO
I e SC t6.iO

re sC 15<)()
IH SC, [600

IF'.SC ] (_I0
IPSC I,_/_o
lt>SCI_O
IPSCI64()

rP so. 165(1
IPSC 1 (_'_f)
IF'SC l ()It)
IPSCI6_O
l P So. 16'--)C)
IPSC110()

TPSCI. (IO
IPSC1120

rp S C 11 3O
IPSCI /_t)
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_-'9_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-1-11774

X×P=at<,(4"_hO)
XXI:Y(I',J'_f:C 1)+HI
I.)fl lqU K=4S:._:J" l,'qS:.C( F

1'-)0 Y(K }=XXI-XX2:;:CtIS(H(I,\(K ))
Gr} [tl )2_1

2_)() xXI=Y(NSt:CI )-HI
g)ll _in L=qS-_C(l,,qS_l:( I

210 Y(L )=XKI_BRAf);',:CIIS()_E"rA(L ))
C .... C.AICIILAI'IJIfl _}_= _,EC(IH4 _'OIJ_.P, FIr:S i)_= ,_=.A#I

220 f'IAqEA=I_SEC [
IF(IN))'_t).qE.()) ,_A_A=qS-CFF
AYT!}I = 0.0
&rNT = r)°O
AYYI"OT = 0.0
I)L1 230 J=[,p_R_A. "
AYri)T = AYFOT + A(J)_Y(J)
ArflI = hr_)T + ^(J)

2_3U AYYI111 = AYYI'(IT + A( J )_{ Y( ,J}**2 )
YSAR - AYItJT/A,]_II
XI = t,YYr(jl - AroT*(YBAR**2) . .
r)r} 155_) I=I,,_I_,I'AT

C

C.C --- F_,EA*vI SF_.TI_)'q LII(JP
C

LFII}Pc.A=I lli)P¢-t

IF( I()I,IEN.F_.).()}(,II TI.} 2bu
NRI f f!( h, [ ¢ l,) )I. IhJPCA,X[ [ )
(;U l_l 2hl)

25Q SIIO,S[X=X( I )#2..54

WR[ ll-(h, [770 )I.[}[IF'CA _SUBS IX
26U Cr_,,IfI_'JE

IF( IRESII).NE.oI(;U T(} 28o

I)rl 27U ,I = I ,4AR_A
270 RESF, IR(,I )=RESSIN( I,,I }
241) C(I,\tr ],\ItJE

IIHEI = o.n
F I_4_=().

C .... C^I_CIJI. ATI(IN [IF IF_i_PERAIiJRE AS A FUNCI-I{]N t')r:
IF(l:,lJ)fF,.._:q.t) t;r) ru 30,)

C .... lEl.Iv'_-_,_\I)IRE CALCI)LATEI) VIA EOLIAIIIJN; INOTFL
C .... EOtlh[ll),q 4.F.I'HIll) IS hl._,tl _JS,-tl IF: fq_"IPqt, al'tJ*,q

XTI2(1) = C(t) * C(2)*X(I} + C{3}*X(I}**2
GII r(i 31(1

C .... IE_'IPERAIH_<E CALCUI_A]Efl VIA TABLE-LU(JKUP;
"_)_) X l.q = x( I }

CAI. L TRI. KP( X IEFIP, I ,X I(4,().O,X TNP _ I E )
XFP( ] ) = Kl,Ie

IF(|;!.,'_E.F)) 14RITE ( 6,IIHO ) XIN
3In CfHF I_IE

C .... CAI. CULAIIFIN I]F TEMPERAII)RE AS A FUNCTION ()F

IF( I_,_)I'FO.E_-).I ) L;(] FU 33()
C .... IEMPERhIUR, k C_LCULATEF) VIA E(J_IATIUNI I_tl)TFI)

C .... EOiJAFll),',I 4Et'Hil,) IS ALg)USEI) It'= FE_PE-_AFtJR_
I)[1 320 ,J=I.NAREA

3)._) YFP(J) = ')(I) + U(2);:'¢{.I) + l)( B )*f{ J )**2
G[} III 550

C .... I'E_'IPERAFURE CALCHLAFE')¢IA FAHI. E-LI}OK!JP&

"43() DO 340 ,I=I,NAREA
XIN = Y(J)

w

w

w

BEAN L L'NG TH"

= 0

+ C (&) x-'X ( I },_3"

INI) IFL = 1

REAM I)EPTH "

= 0
IS CU_IS FAN T

+ t) (4-) ;;(Y ( J ) *:;,3

I,q*)_'F_) = I

I_'kl: L IT, I)
IF'.(,;(,] (hO
IPSC t //o
IPSC] (_()
IPkc] / _(_
IPSCI ,I,_)
IP S(j l_ LI)
-I F' SC 1 _ ;-'(}
t_' %C L4 J_t
Jl; _(] 1 _ 6fl
{PSCIdb()
IPSCI_(_O

IPSC|d l(J
IPSC 18(50
IP SC i,_)0

IPSC 1900
IPSCI'_t()

Iv SF. I'_2()
IPSCIV6r)
IPSC19_O

.I P SC 1VbO
TP SC 19 _,r)
IPSCI9 (0

IP SC i_I0
I P SC, l V'_¢)
IP SC _.¢)()_)
It _ St:2_) [_)
[P SC 2_(]2()
I P SC 2_) _0
IP SC2(J 40
I_ SC2()5()
IP SC2060
IPSC2[)/O
IPSC2()_n
Ip SC2[)9(1
fPSC2IO()

IP.¢,C2 t L()
I P Sf:2 l 2(}
IPSuZ L 3_}
lP S C 2 l 4(}
Ip 5C2 t bO
[P %C2 l o()

lP SC 2 [ /(}
iv 5C21 _¢)
II-'%(. 2_I._)(}

l_,SC 2 200
IPSC2)_ [0
Tp SC2;)2()
IVS(:d2 __()
lP.(;C22 _)
TPSC229u
Ie SC226(}
lPSC22_ (()

IPSC22H(]
FPSC2290
IP 5C2 3(}(}

IPSCP_t(;
IPSC2 32.0

IPSC2330
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SUMMARY REPORT

NAS-1--11774

CAI. L FI_LKP( Y fE_lP, Z ,X ['q,_}.O t _ D'tP t i ;. ) Iff %C/._z*()
YIP(,t } = YTMP EPS£,23h()
IF(IF.._E.')} ,J_IF_ ( ,_,I/')_) } KIN IP.SCZ3_}I)

-')I-,0 CtIN IINIIE ._ lP_C231{1
]5(1 CfI*',_T I",II.P: IF'SC2.3r'si)

C .... C,AI. CIJI.&I]II¢\t flF rf_lat, t6-.-IP,-RAiIIhIES AT X AND ,_1 ANY lIME |rq THE CYCLIPSC23'-)i)
tip 3l_t '<-'l,q(l_l'_ IVSC/.g,)(i
t)l} 360 L=I,Nt_RF.A IPSC2_t](}
fjK,I. } = I'_-"_}FJ( ( ):::,'(I'P{ [ }#Y'IP(I ) IPSCZg.2(}

3/')(J Cf ilkl 1] i_}}E - -- IiJ SC 2 _'t'J(}

3-10 cuNr Ir,lil_. [PSi._2g"g'(}
C .... CALCULAIION I-)F NUI)tJLUS L)F ELASTICITY AS A Fth,ICIIUN UF I'EMPERAIUI41: IPSC2#5_}

IF(IND,vII}t).EL).I) Gt} rO 400 |PSC24oO
C .... MDDIILUS OF ELASTICITY CALCULATED VIA Ef.)UATILIN; IND_L}D =" 0 TPSC24fO
C .... EOI.IAFI(IN 4ErHU_) IS ALS!J IJS_I} ll: MI]OULJS IS CONSI'ANT IPSC24,J()

l)I.) 390 K=I,NTI_'4E _ TPSC2gL)O

I)11 3H(i I.=[_'qAo,_& IPSC25()h
BH(I EI K,I_ ) = F;C{IEF#( I } + ECOEFF(2I_'T(K,L) + EC(]_FF_'.I3)*T(K,I.')**2 + TPSC25IO

IEQDF:FF(4 ):_.f( K,I. )X;*3 IP'SCP..b2. O
390 Ct}NT[NIJE IPSC_93{I

C,I) flJ _¢3I) IPSC_b4{I
C .... M(II)tH. tJS (-IF EI. ASTICITY CAI.CI, JLAIEr) VIA TAI_LE-LOOKUPI INDdi3O = I TPSC2bb{}

400 l}{} 420 K=l,NfI,vl_ -[PSC2_60
I)O 41(} L=I,N&REA ................... IPSC2BIO

r IN = r(K,L) IPSC25HO
CAI. I. Tri,l.Kp( E TEI,iP, I , TI N,O.O t EiilOD, I E } 1PSC2590
_{ K_I. ) = _N_]II IPSCZSOO

4l(} IF( IF.hIE.O} WRITE ( 6_18(}(} } TIN _ IPS(22bIO
4).I1 r.fil',ir I,qlJ_ IPSC_t}!i)

C CAI.CIILATI{}!_I (IF MOMENTS AT X AND TIME IN THE CYCLE; INI)LUD = I (PLII II-'SC2_30
430 CON[ Ii,Jl.l_ lP5C264(.}

IF( ILDAI).EO.r_ )GO T{} 4.50 . . [PSC265(}
l')f}Z*zi(} w_=li(_l/ [_tF_" ...... IPSCP_h(}I}
Dr} 44(} I_=I,NAREA - " IPSC2oI(}

440 E( K,L )=_(K,'. )16_]94.R IPSC2_SI)
450 C()N flr, ltlE . .. IPS(22c)9(}

C tPSC2 (I)()

C PI.A I-E SULUIIIIN TPSC2(Io
C IPSC2 i20

IF( INi}21}I).EO.I } {;el Tl.l o3o . IVSC2.7_0
IF(]Nt)Pl_&._O.l))t-) ) t'l} -3_}(} IPSC2Ig{I
f)EI}P,JF=X I IPANN I i} - IP SC21 bO
IFI 1_,1_1,}2 .!l).I },,_J IU _+-}(} tPSCZ/Bti
I}E J,-;ll= Irs*rs*TSI( 12.*( 1 ,-XNU*XNU} } ' IPSC2.( IU

c_6n Cii_,_lINqE li-'SC,41,_()

IF(XI (:;IH.GI.PAN',.iIOI{;I.) TI} 560 IPSC2_7'_O

IF(i}Er,4(I.(;I,_I__ImlE)G_I (_ '}6(} IPSCP.,4w)(j
C _ 1P SC2t} ].()
C SllUirlll{4 r:il,l, I gKHN[i'S(,[ [ ,.IAX "1_)_1_",11" IPSC2d2_()
C " " _ IPSC28 30

I}R ttI-= _)-.II_I;_/lie i"..q,I lP SC/'i 40

IF( I)RAF.GT.26, }Gf._ Ill .520 "lPSC2850
PAl4.4It)/_,i _,1"14 )*( );_lt',l_.tllEr',lt} )*:_.2..5 -- tPSgZd{}(}

E_,=I_FEL{F(E,<.GE.I..^_rI,EI_EK.I.T.I.'->I(,U t{} 4.70 _ IPSCZSIO
IF( EI.EZ,.GE.I. ,,5.AND.EI.-'.K.,.I .2.('1 )ill} T,] $_t) IPSCP_Sf)

IF(ELEK.GE.2.r).ANO.ELEK.LT,2.5JGU TO 490 IPSC2_Ig(}

IF(EI.EK.GE.2_.h.ANI).Ei.,K.LF, B.O)G(} [I] 500 IPSCZgOO
IF(ELEK.GF..B.B.AND.ELF.K.L T.5,0}(;O TO 510 IPSC2'-)IO

IF(ELEK.GE.5.rl)(;II flJ 520 IPSCP__P_O
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PHASE III
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4(f=

4Hf)

490

53()

540

,<r4111 |--._IJmtt-I_LEK-I .ll):::{
XMII?2:.i'i /,_g-( ] .h-El FK )_,,(
(;t] I'll '_',_)
XMIJ] l:.rl2HO-( EI. EK-I.b ):.:(
,_lqlJP_= .I)g_,q-{ _.rI-_Li-;K ):;:(

(;fl 111 530
Xt4111 l =.O174-{Ep.EK-2.q));::(
Xt4=122 = . I [fill-( 2,5-EI. EK );',:(
or} lii 53rl
XMIJI 1=.o099-(Et EK-2.5 I:::(
XMIJ22=. 1LI2-( B.O-_]L_K i'v(

.t)4<_#-.O; lii}/.

.#)1plI-.();.}614)/.5

.(i2Ho-.()174)/.b

._1_,_,'+-.,)/)t)/.4

.,11 /g-. ()O-)9)/.b

.1 IO(1-.O964 )/.5

.o()9_-.005b }/.5

.[[ /2-.lL,)t))/.5

(;fJ TO b30

X_lill=.O,iSb-(Ei.EK-3.O)*( .()O55-.I)OQ4i1 ;_.O
XMiPT=.I2#+5-( 5.O-EI.F.K l*1.1245-.1177)t2.O

(;rl rli 53<l
XMtl|]=),f)
XMll?2=. I 2'50
CIIN l' | N'IE
X .FKH= ( X 41122 +XI4iJ i } _XN I':'.( i)(iJr,,l_/I)_ f4tJ ) _'_.'_ ) IKt,; I'rl'_Xi.*; IH

SIJ_'4PR x= 0.
SLHPRY--O,
Slh4X | I1=0.
SII.4YI4=O,
SIJ,_Ix Z k= f).
._iJ4YZR=O.

Xi'4n4= I •
C 1['1",11 I "! I I E
AL StJBM= XMM::, 3.14 15,-.) _P #_NW i b >',:.5/XLG TH --r
×1_ a,,.ll)tk = I- c, f I F_:l ( XI.{S,'H:;_ ) _} \!v." )
H',;I f,u= l,_l,!tt(ALglJt_._,4 ]/(soRt( 1 o- TAt,IH(ALS!,JBMi*TANIti/_LSliBi4) ) )
HC#I_'= I ./( S'J _, I'( [ .-I'I_NH[ /_i. SI.JP_ )".tl" _lxlrt { _l_'_lJ_'4 ) ) )

p ll=xt,lti:::( ] .+XNII ) _,:I'IS [i'l
Pr 2=x,ill,_( t .-XqlJ )mt,_.ll¢, :=AL qll_44
P T'4= 2__.;:<I--#CfI_+AI. SlJl4:+I:;'ftSII'I

.r,+: ( 3.+ <l,, i{ t qtJ)';"H% l N;;{HCIJS
Ply=( ] .-Xl,,ItJ ):;-':,2.::<At S!il4M
P [ _= 2.4-" X,¢.l ::: "-I. I. 4. I 594:X t. %4,) & ;::d £. f IS :,":__.
Pl ?=X_!I/:::( l .-X_t!) }:::HS Ir, l
PI" _=X"4,4;;:3. [<'+ 159:::4 L,%4 ) _.:;'_i']IiS
P l_=4./(X:4,4:::3.14159}::<:;5.
AM=IJI"9;;:( pr|-# 12-x,.14:; _'_. 1'+1.69:;+-Xl &.41)_l:;,pfB}/(Pl'4-P-i"J÷Pt 6}
!-JM=f'rg;;:( P 1 ?+p 18 I/( Pr4-P l_+P T6 i
PI lO=( XM4:':-3.. L_l[49/KLt;I "it )
P[ll =PIlO:_PTIO
i_aI>,r x= _r t t:_( IJI'9+A4 )';:% [ ,,1{ i"l" tl)_<Xi. GTrl/7. )
PAR 1Y=( P 1 ] I _"a,+t+2 .":'P,M'_P f ] 1 );:'S I N( P rlo_xl.(; TH/2. } _
SIJ,,IpqX =q_lJ 4 Pv, X I-+J _R r,_

SIJ 4t)d V= _lJiliJl4 Y+ P Av4 If
Ar4/i::qf)=P_" 9;::( _t" L-t'l'2 )/{ _' rf+-p lb )
Bl,,IZ t!Rlt: P lg;:,PT //( Pl4-P ]b )
A,4 I i,l Fr, I =-t'l r 9:::7 I" ].4/( 2_, _:4 _.1i S ::-'t1._lJ S )
Pi_4l _IFt, l= P 19/( 2. :'.:IfCI]¢, )
PA_X IN=Pr I I :',:( Pfg+a4 I,IzN ),,,<, [ N ( P I" l()¢KI.ili'ri/2. )

PA_tY It',l=( PI| I_Ai4|NFN+2 :::t4MINFr, I*PT] 1 I_S]_N(PIiO*XL(;fH/2. I
PAKXZk=Pt'I.I._(Pr'-)+A"I/__;,IJ):;:SIr, i(PrIO@_('_Gt_/2,)
PAR YZt't= ( P 1[ 1 _AI"IZ E RIJ+ 2. ;_.t4,i4Z ERO*P T[ I ) _SIN ( P T10_:XLGfH/2. )
SlJ,"4X ] N = Sih_l X [,q+P &ht,_ [,1
SUMY | N= SLIMY.]N+PARY IN
SIJ,_I X Z R : SU _1X Zt4 + P A R;( Z R

II'9]2'J3l)
IF>5(,29 AI)
IP .%(, _'t /i)

IP SC2. 9_)11
I PSI]. 7<# ({1
IP S(; 79tll)
I tj bt]. b.i<J l)
l i' S(; 3lJ 0()
1 t" £C _t_ ]_t)
IP SC 31),70
li .j SO 3O _)
IP S(] 3()4()
IPSC3,1bO
Iv'SO 3()60
I P SC -4U IO
|P £@. 3(ii'Jil
I p _ .illl_(I
IPSC31OO
IPS(,] Jill}
i-p _{; 3,120
IPSC ..,41.$1)
IPSC31#O
IPSC _t[50
IPSCJI60

9..t I l_l

IPSC_[90
IP S(, 32(J(I
IPSC32.1()
I-P SC 3220
[P SO _12 5()
IP S(; 32 41)
IP SC J2'__li
IPSC_2_O
IPSC32_I0
IP SC _2_¢()
lPSC 32_9()
IP SC 33O0
[PSC 3J[C)
I1-' SC _ 320
ip SC 3_J()
I tJ L_(_ _.4J 4()
IP_c.JJ50
lPSC33uf)
IPSC33/0
I t __(_ 3-$_)
IP S(; 33<#0
IP .c,C 34{)_)

tP.qC 3420
IP SC 3_+_()
fi-' SC 3_4f)
IPSC_450
I P £C 3460
IPSC5410
1P SC 348O
IPSC3_90
I P SC 350O

i P SO =f.:) I()
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_----'7h_-_ P"REDICTION OF CREEP IN

i_'_VMETALLICTPSPANELS

PHASE III

SUMMARYREPORT

NAS-1-11774

bS_)

56(1
C ....

C ....

!

59O

60q

C ....

62_I

&3(i

_IJ4Y/R=gPIY I__,4-# _RY L _,
IFI X,m_I.FU. f. )(;I) 111 bS_i
X,44= XJ4,4_- •.
(;_i l(I _4r)

X I- I,lll: ( ×'_ ;:, t H-;:::=',. 1;,:( I-<, I fl' _ (-,_i,,llJ::=SIJ ._1) _ f )

Tli<tltlfq=l XI_E, lt1.-;,4. );;-'1 +'_1),X I,'I-XI\.!/I*SIJflYI.N) ..
f I .NtfR-: ( .x:,. (; r u::,;::4. ) =:.-( _ _,,i .i ,_L L-.,(,_I.I* S_J vl f/_.,_ )
PL AI"I: XL E. ttl* ( . 12' b()- Xl. E KII 1:,: ( × [ 1M{./- T Ir4U I N ) l ( i I4tJZR- 1 [ _101N )
Ci)_'J ( I,qtJ_
Ivlijl'4Ef_J ]g Fill( PRI_SSLJNE I. UAI)S
I#EA'4 WITH SI.4PL_ SIJP)_,)'_i'S
DO 580 M=|,NI'IME
XMO_I'_I) = lPR_,SSIi_I*_LL;TH*IX{I) " OXi)_.O)/2,,O- PRSSSI,4
{ ( xl I i - r)x/2,o )**2 _/2,o )*PANWII')
IF( [,",tl)PL_,.@J.O)GIJ I't.] 66t)
IF( XI. GTH.¢;T.IJ_I\IWII) ]t,(J -[(I 660 __
IF(i)El',q_l. Gl'oO_il,,l_ ).;II f.. _41)
[)f] 590 _=I,NI[,,'IE
XNI I I),q= I.)_ _ S S( +4 ) :::KI G('H¢'(! L; r}i.p ANW [ DfS.
XM_}_IIM}=PLAI4*PP, ESS[t4}*PAN_IIO*XMOMIM }/XMIDM
I}() 6(1(} M=I,_F[,4_
Pla. Tt,,HI_( I ,t',l )=XI4LJM{ M }
GII f tJ 6hO
HEAt_I WIIH FIxEr) SIIPP(JRTS
XXI:{ XLI;I'H/2. 1;::( XI [ )-( ;_( i )';#2 )/Xl.';l"_-'(I.'._ (H/O,,()) ;:_PA'_I_II.)
I)[I 620 M=I,NTIME
Xl_ll4l ,4 )=?_l,{SSl ,4 )*XT, 1
I;F) lli 650

_I(I,4ENTC, FfJi.4 pfll,,,lr LIJA,)_
Of) 6bf) K=I,NTIr4E
]FIX( ] ).LI'._,L_,_I) (;L} l,] ,Sg!)
XI'I(H41|K) = PLt)A[)|K)*ALEN/2,0
GII rll 64o

6_(1 Xi_I_I;4IKI = PL(|AIIIKI*(X( I 1-13X12.112,,

(',SU CI)F'_f]NIJ_
66() cr),',I T]t,!IJE

<fltl,',llX = _}
CALL I r 1_I11M( C , lJ i

IY , ×I , _ , NflM_ ,
2SIP. AI,IE , THEIAE , .STRESE , YNA ,
3 i\l£E£.f , [ ll'.Ll_q )
IF(I$,_I_ELA,Fo.I) OfJ TIJ 15.50
file r a'i=_).
I)(l ,570 J=I,NAREA

_7(_ csrRt,,_(,i)=_).[)
IFI II.{i_,li.E().] )(;_1 Til (()()

Dr) h_(1 <l=[,,ql'll_l_

_,,IRI [El _., l H ':f,li I
Ilfl 6H(') d=l ,NAREA
Si]_A:A [ ,I )'2. _4:','2. b_
SIi_4Y=YI ,J )*2.54

WR IIF(4,1840 ).J,SLJBA _StJHY,SIJHSTR
6_) crib,Jr [Ikt. JE
69tl Cfli_l TliX_Iil7

GII rtl 13¢)
1()() CflNT] NIIF

I]1] 72() Kl.=[,",l(II"tE

NAREA , )JPItlM , YF],AR ,

; I),_ , ')Y ,LNI)TFIJ , NTCUN ,

I P SC, Y)).(i
IP Sf; 35 3f)
I P SC _b 40
IP SC _ID _(]
IP c,,: 3-),,(]
IP S(.J5 (()
t W _,C, 56,,_()
II "J,%t;Jbgi)
IP SC 5_,)()
IP SC 50 2'.()
IPSC_630
IPSC _640
lP SC _5 0

rp SC3oou
lp SC _3 ((J
rP SC 3680
I P S(] _i._,_()
rP sc 3 (O0

IP SC -!,/LO
.l'P SC 51 20
[PSC 31.I0
rp SC 5( 4r]
rPsc _150
[PSC31ho
iPSC31 f()
IH _,(.3 (ti()

IPSC $i_0
IPSC .Its00

I p SC -_d [()
[P SC 38 20
IPSC54 60
lP SC _'_ 40
I p SC -_d_o
TP £C 3_ (_(i

IPSC_(o

Iv' SC _4 '-) O
IPSC JglJ()

_PpSC #9[0SC _'-) 20
IP .SC 5_ .::.4(I
1P S,C 5V 4(1

I-PSC 5'9bf)
]P SC 5VOO
I P SC 5'--) ((.)
I P .e>C3<-7_ 0
I P '-,C 3'-) _ 0
IPSC4((I)(J

lt-'SCmiin
IP .; C 402_ f)
I'MSO 4f)_O

Ii' -';C 4_) 40
[P S(; 4(ibm)

fH SC 40t,O

IP Sf; 4() (0

I P SC 40_I0
IPSC409()

IPSC4100
IPSC4I [(i
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__'/_JYMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-I-11774

_, C
C
C

C
C

g
C
C

WRI l_ {_),lHbn }
Illl Ii,) ,)--[ , q_\'<-

-/lO WRI IF(_,IRaOJ,I,A(,I),Y(,I),S IRESE(K1,J}
"/_(} I..fl',,l" ],,llJq

73(9 C,O_,l I-]i, ll)E
!)_) 1540 <<=[,,qCgCL:.

--- CYCLE LIIIIP
..

--- FRA.IFCFIIRY S,f_P I I)OP

IIHE =((,(K - I);;:I)XTIP1E(NTIME) + ()XTIME(KI)I/6Q,
[F(KK,qO.l._,,h).-<l.-_,O.l.);_l ru /_O
IF{ INI)L{.}{}.EO.I) (;_) It) 140
THF."]AT( K I. )=% Av' rl4_",:PREqJS ( K1 )=T( K[, t )_( ="[ 4_.-; [.4_[ )

.. I/(SAVPRS;',,SAVTblP,aTIHBFRJ+THETAE( ltKi ) . .
(;fl [ fl 7 9)

740 ]H_I,,,T{ KI )=.SAVTHH.'-'::PliIAI)(K1 )x_T(KI_I )_,(TINE-TIME1)
I/( %,%V'.;,);::% Av',',4_":' r [ Ml_r: ', )*I'HE T_,E( I , _[ ).

750 C_l"_ V ] _'_E _.
(;(i [ll 78,}

7 (-,r) C(I,,f 11 N_IE
Agfl/_C': g_'4&l KI. )

IH_TA T( K1 )=2..,aTHETAE( I._K1 ) .....
')0 7/0 ,J=I,_qA:_P-'A

7"1_) ST_,E%<,(,}}=,SIRESE(KI,,J)
7ql) CI}l'lf ['qflE

1 I "li*F R= [IME-TIHEI
F I _,<, [,'_ =fl.

790 F2=O,
Hf)_) CfI_,IfI,_t,JE

XMl=n o0
FI4AI_ =0.

RIO rl) TFIIR= 0,,
I)fl 1.340 ,1=1 _'g&_K_A
ASIRAI(J) = rHErAT(Kt),a(AYNAC - YldJ|/OX _.
IF(FHAL.+O.O.)(;II I'll 4).0

8011

H)O Co,qfl,q_lE

I ITERATIflN F_IR STRESS

840

L=I
r_gs( ,. )=g i-p,_. (,g( d )

SF( IINTP.EL).IE_JNIPJ(;H T{I 850

IF(IF_)_F#._(),F) ){,l)f(l i40
X3=((9.,/5. I';'T(KI,J )-469.67}/I000o

• I;f) fll 8ho
X3=(( 5./9. ),a{T(KltJ)+459.67)/lO00. )
or} Tel _6().- .

w

IPSCkL2=)
IPSC41 $_)

IPSC41 '_()

|H F,Cg] (()
llJ .%{,4l ._,_)
It) S(] q l'_'()
[PSC_dO0
IP SC _ I0
IPSC422_()
[P SC _2 3O
[P SC 42 40
TP S(,4P.5()
IP SC g)_{_()
]H SC 47.I0
IPSC4d40
IP SC 42__{I
I v SC 4.s()(]
IPSC 4310
Iv SCg32.(}

lP SC433(}
-le SC 43g0
I_a SC43b(I

IF'SC4_I()
IPscg_40
[P SC 43_0
IP 5(;44r)0
1PSCggI()
Iv5C_42()
IP SC 443()
I _ %C 4gkO

I IoSC 44_0
ft _SC 44,3f)
|PSCg4/(}
]PSC44H()
[PSC_490

lv ,v,C4._ o 0
IP.qC4b I()
IPSC4_d()
IP SC 4b 3{)
leSC_b40
IPSCgbSo
IP SC 4')_)()
IPSCgS_JO
r_,sc,,5v()
flJ SC 48 O0
IPSC_)L()
IPSC4620
[P SC g_ 30
-IP S(,40 4()
IPSC4o_O
lV SC 46 6(I
I-V SC 41_ ( 0
TPSC4t, dO
IP SC 4_9'd
IPSC4/O()
IPSCk/L(J
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_'_P_EDICTION OF CREEP IN
VMETALLIC TPS PANELS

PHASE III

SUMMARYREPORT
NAS-1-11774

_,')f} X'-_=l ('<[,,I}fLOO().
H6() C(1,',1T] N, II:

Xb=I ./K3

XB:AL()5(X3)
X [ l= X b::-'X5
X 12=X b::-'X [ 1
X31=X3:_X3
X 32=X 3:;:X 31
×33=XIi*X_
X 34=XS"_X 33

HTO I F( HAR_)(IP.EQ.2. )GU ru

TIME HARDENING THEORY

i 000

UF CREEP ACCUMULATION

IF(p .,1E.I)bl} Ft.} 900
X4= 'I] ME

X4X= [ I'VE [

X6:_LtI(_{X4} ......
IF( 11_,I_.I.EL).O.)(;U l't.)
X6X=4_I t}(;( X4X }
(iF) fli Hg_]

8HO X6X=fl.
Hgf) ClhJf I_'lIi_

X2-1=X4*X4
X27X= K_÷ X*K4X
X2H= X4,,:X2 1

XP_HX=X4X*X27X
X29=X6:_X6

X 29 X = X,SX :',:_ 6X
X 'V)= X f,::," X 2 (..)
X3OX=X _X:;,X29X
X 3e,= X 3:;:X6
X3hX=X_:_X6X
X 3H = x 4_..'XH
X3HX=X#X*XH

X40= X 6'::XH
X4(IX= X 6X :;,_(H

X42=X.h*Xh
X4PX=XS*X4X
X45=X 3"X4
X4bX=X 3'.:XkX

IF(SrR-:S(,. ).{;f.(). ),;,) ,',J

IF( S IRES( L ) F.(J_O. I(;_) TU
STRI-S( L )=AH_,( _,IRES( L ) )

SIC,_i: 1.0
q!.r} C(INF Tfxtll_

IF( IF_,IST. EU.F).)(;U TU 920
X2=S,I'R_S(L )/ IO0().
GO TO 930

92_1 X2=SfR_S(L)_b.894_H/IOOf).
930 Cf}NTIN!JE

I. l NE h'*.=O

IF(X2.GI.I. l(,f) Ill L)40
IF(INI)SfR._O.OIt_) rll ,,_4r)

X2= 1 •

LINEAR= l

4_0

910
910

w

w

F'SC'./Zn

P %C t*( 30

PSC4/4,)
P S(',g (')*l

PS(4/l_)

PSC4(_()
V SC 4 IV()

|PSC4dI)(}PSC4_ 10
IPSC4d20
/P SC4_J 30
IP S C _,i 40
1V SC 4d50
tPSCgt60
[P SC 4_ t'()

IPSC 4d_,O
TPSC4HgO
I P SC 490(.}
]PSC 4_ if)

rp SC 4_ 20
IPSC49 3t}
IPSC494o

1PSC4'_50

IP St. _9,b()
IPSC4_ 70
IPSC 49,t0
1P5C4990
IPS(.5()00
fPSCbOIO
IPSCbO20
Tp S C b 0 3o

IPSCb04(}
IPSC5058
IP5C5(}60

rP SC b 0 10
IP SC 5(}H()
rp SCb ()90

IPSCb [()()
IPSCb 1 [0
IPSCb[2()
IPSC5 1 30
IPSCB I 4{)

IPSCb lb()
tp SCb [o(.)
TPSCb I (0
IPSCb[rlO
IPSCb 190

IPSC_2{)O

1wSC5210
IPSCb220
le SCb 2 30
I P S(. b 240
fPSCb250

IPSCb26()

IP SCb 2 h)
IPSCb2HO

IPSC5290
IPSCb300
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_-?_ pRFD[CTION OF CREEP IN

_I_ V_V]ETA LL IC mPS PANE LS

PHASE III

SUMMARY REPORT
NAS-1-11774

U4n CII,q r (_I_IE
XT= Al.l_;( X2 )
Xg= ×2::: KT.
X 1 q= × 9;:'-X ?
X] _= X.) ;::X 4
X14=X>'lX3
X I 5=x t 3:.-'X [ 3
Xl _=x ] 5_:'-×1 3

X 1 _)= X 7.,;.-X 7
X20= X 7;:_XI0
X21 = X2. _X_i
x22=x 3_c,X 7
X2 "_=X7 :;=X p,
X 2"_ = X 2 ;',-"X 3_:X4
X 24 X = X 2:::X "_,',X4X
X25: x 24 _:-'X24
X2 _X= _(24 X:;:X24_(
X26= X 24 =:,X 25
X2AX= x 24 X::,X25X
X 35= X 2::'X 6
X 35 x = x )_,',:X(.,X

X37=X4_:X7
X "_l X= X,'_X _;."K ?
X 34=Xh:;=X 7
X 3 L_X = X/'_X:',-"X f
X4 I =X b;',:X l
X4 '}= X/, 7. ;;, X 7
X4 3X= X42 X::_X -(
X44=X2¢.X4
X4/_ X= X2 ;:'X4X

I"ER,.I3=/_(). )';'_(2÷Z( / )_X (0-Z( 9 )_,.),,-/( LO )4'_ L()_-/.( L 3IE;( L 3÷/_ ( L4),_XL4

I+Z( ]5 }4,Xt,b+/( t6):_Xl6+Z( 17 )x-'XLT+Z( 18 )'_XIS+Z(Ig)__XIg+Z(20}*X20
2+Z(21 )x:X).L+/.(22),;:X).2+I_(23)x, K23,/_(#t)_,,44t

IF( T[t4_I.E(J.O, )(;U TIJ 950

FER.42= Z( L )+Z{ _ )=::_(3_- Z ( _ ):::K,_X +/_{ 5 )=:,(5_.Z (.5);;'J(5 X+Z"(_) )_X_+/_ ( [ [) _X I I
I+Z( 12 ),',:XI2+Z(27)_:X21X+I(pH),;:X28X+Z(2.9 )_X29X÷Z(30)*X30X "
2+/.( _[ )'::X_l+/_( 32 ):_,_2.__( 33)4,X33+L( _4)4, K3',_-L( 3,_)_.,K3hK+Z(34),4344
3+Z( 40 ):;:X4t)X+Z(42 )x, X4,2X+Z(45 };;_X45X

FIJ,,K. I= IE._,.42+ r _R,.13+Z { 2/* ):::K24X+I. ( 2_5 )_(2"),(*Z (2_) 4;-_(26K *Z (35) _X3bX
l+Z( 37 ),_X31X+Z( 3_ ):_X 34X+Z( 41 ):_X43X+Z[ 44)_X44X

FIJI'IC I =,}X P( ,-:_J.xl._ t )/1Or).
(;I) ]II 96(]

FtI:'4C l=O.
460 C_h,l( l_,l,J_ -

1ERi'I] =Z( 1 )+Z( 3 ):::X3+Z( 4 )*X4+Z( 5 }_XS+Z( 6)_X6+Z (_)_XS+Z ( 11 )*X l 1
I +Z( 12 )::,x L2+L( ,?_1 )*/,2 1+/_( Z_ ),;,X 28+Z (2') )',',.K Z9,7. (30) _X 30+Z( 3t ) :_,X 3 [
2+Z( 32_ ):;-'X32+Z( 33)*X33+Z( 34]x, X34+Z( 36)*X36+Z(38L*X38+Z(40)*XkO
3+Z( 42 ) '::X',Z÷Z (_') );.-'X/, b

FtI_,I£,= ]ER;,i I+ TER_I3+Z ( 24 );:,'X24+Z( 25 }_X25+Z { 26 } ';'X2_+Z I 35 ) _X35
I+Z( 37 ):;'X 31+/_( 39 ) ;:.'X39+/_( 4 3. )'_Xk3+Z ( 44 )*K44
FtJNC=EXP(FUNC)/[O0.
IF( FIJNC.._r;F,;tJ._J,_I }GIJ 17J '-.)dl') --

970 EP£CRP=O.
Gi) [I) 99(1 .

980 EP £CR P= FI..INC- FUNC 1
IF(LIN-.'AR.E{J°O)GU [(J _90

IP _,(.5 Jl_)
IP S(:b 320

IPSt:b3_a)
IP SCb J4_)

I P' %(_ b ..4)()
IP S(]b _h¢)

IP S(it_ "_/ I.)
I P SCb .trio
IP£Cb 390
IPSCb 400
IPSCb _[(.)

•. If)S(;b 420
I P S(lb 4_0
TF'SC b 440

IP'SCD4bO
IP SCb 400
lP _(_b 41()
IPSCb "R_O
IHSCbggL}
IP SC )_bO(}

IPSCbb[()
rH SCb b 2o
IHSCb)3U
l_-' SCb 5 40
[F' S(.b)5()
IPSCbbo()
IPSCb5 10

IF'SCbbSo
IF)SCb)9()
IP SC56r)O
IPSCb_-_[O

11-' 5Cb620
IPSCb_)_f)
TP SC56 40

| F.,'S C '_ f._5 t)
IPSCbhOO
"fl "_SC b/:, ( 0

Jp S(_b'_80
f V _ (_ b r ) V I )

IP S(;b 1OO
IPSCb/LL)
IPSCb 12_0
[P SfT,b / bO
IP S[.b 1 z,l)
IP SC.b /'bK)
|PSCb 160

It" SC b / /(]
IPSCb 1_,0

IHSC)/91)
lPSC58OO
IPSCDd [0
rP SCb 82o
I O S(]b4 30
fPSC5840
IPSCSdbO
IP SCb_J60
IHSCbd/()
IP SCb _It_()
IPSCbS90

C-ll
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_ rHEDICTION OF CREEP IN
c

PHASE II!

SUMMARY REPORT
NAS-1-11774

'_'t{}
t =h)¢)

|Ol()
1¢)).0

t.
C
C
C
C

I030

1,040

1()50
1 (1_(1

EP_C_P :t:#':,Cqp#(SII_, %(. )/|GO[). )
cIr)N I I N¢II:
ItC(tiAp, tll}#._,,_.| )_,!1 I*1 t I ,_)
IF( I ..EIJ,_oANI),'KK,Fi.),%O ),,tl fll l()]O

(;11 I1) ll_)_)
WR] ]k{(J_. I f¢f_D),J,I ,%IKl:%( I )
C I le,I [ I NI h_

STqAIN HARI)ENING IHEIJRY IiF CREEP ACCIIMIJI. AIIIIN

IF(SrRFs(L).(;F_O )GO rl} 1030
SIRFiS(_j )=ASS{ S[RES{L ) )

S 16_= I .()
C(_,J 1 [ PHIE
IF(SF), :S{..).b;C.tO.)t;ll I,I 1()60
I)', I R,) =CI.

CIIdq | I NtIt:
r_Fl=r).
1E_I-2=O.
AC(_S f =().

ftCIINS 1=().
CCtII\ % " =D •
FCI ,,1_, I=(). ..
It-( IEI.),ISf,_:).O, )(;II T_.) 1050

X2.= S IRES( L )/1000.
t,() I{1 1.()6¢)

XP=SlRES{L)*6.H948/IO00.

X/=A lh;( X2 }

Xg= X;) ::: K2
Xl O=X_;;:X2

XI "_=X7 _:X _
Xl4:X2lX_
Xlh=×l _:_XI3

x I h=x I b,x l 3
XI I= x l g,=;;K | 4
X 1 _] = X 1 _+_::X l7 ..

X2{'_= X /:;:X l 9
x/ I = x2 ';,x -I
xP2=x 3_,x I
X2 -'_= × /:::X_
X_+ I = X 5 ::'-X 7
l'Fg,ah=/( t )_-/.(2 ),::XZ_-l( ]):;:X_+E(5),_Xi+/.[ l)'_gl_-

ll(n)_x_+Z( )),;,Xg+Z(IO)*XI(]+Z(II )=XXll+Z(12l,_Xl2t
2Z( I '_ );;: X l 3_-Z( [_, )*'X I.q.+Z(t') )::=x, [ b+/. ( 1.6 )*X 1.6_-/. ( I. ( ),._X L 1+/. ( 18)_gld+
3Z( l'_)_:Xl_+Z(2()l*X20+Z(21 )*X21+Z(22}*XZ2+ZIZ3),_X23+ZI31)x, X31+

_,z(3; ),,x_<,+z(_3 ),x3_+z{ .v+),,(_,,+_(4t ),_x_t
IF(CSTRAN(,II.GT.,O00[ )(;t} TO 1070

X_=( F I,_IE-FI_t__L )
Xh= AI_()G( X_ )
X 2_4= X2 ;',:X"4_'X/+

X25=X24*X2_

X2_=X24*X2b
X27=X4_X6

X2H=X_*_X2 I

C-12

It _ %(. b'l¢}i)
IP SCbU I(}
II'SCb'i/()

IP SCbU _()

IPb(_') )'gil
Ip S(,b')']()
I p %C "> )_-_¢)
IP %([b') /(I
I}' _C bg,$O
I P SCb ) #G
I p SC 6000

IPSC6t)ll)
IPSC6O20
rp SCh() 3()
IPSCh()4()
I P S(.()()'.) ()
I p '.,,(j,'_,),%¢)
lp.% fj()(]/(1
I P bijr)_),{(l
I t) SC/)(t_)O
IPSC() lO0
Ip SC6 ! IO
IPSCh[20
IPSC6 1 _()

IP%f;h[4()
IPSChlb(}
IP'SCblhl)
IPSC611()
le 5(]6 l_lO
IPSC6 IL)()
IPSC5200
Ip 5(16 2 i()

IPS(jh/_(I
IPSC62 _)

IP SCh2. zt()
IP SCh/b")

IPS(,_)Z(O
IPsch/d()
fY SC,h 2'-)()

lP S(J,():5,)0
TPSCh _1(1
IP%(.t) 52_'1
1P SC_:> 530
IP_{_h3g()
IPSC()35_)
{ p ,%(. r) 5_-_( ]
Ip t;[_./) 51()
I p h(,63,_(i
[P SC6 tL)()
I P' S(,h'+(_U
IPSL(,k[()
I P %Ct) 42.()
Fp SCe,/., _t()
IP SC(_44()
IPSC6_0
IPSCh_b()
I P SCO 410
IPSC64d()

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST"



_?"_PREDICTNON OF CREEP iN

_'VMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-1-11774

1070

XAv= X A:::X6
X 3.=xA:,'X29

K 3b= ×2 ;:_X/_

X _,/=x'+_:X /

X _,_ = X "_-::X /
X41)= X (_:'X_3
X42= X 5;::X6
X4 3= x 42 :.'-X 7
X44= X2 ;'.-"× 4
X45= X 3¢X4
]'ER,v1A= Z ( 6 )",:X4 _-L ( 6 ) _X6 _-L{ _4 )*_24+L( 25 )_,(25+L (26-) _cX26+Z | 2 i ) _,X2"/+

lZ{2_I'*XPH÷Z(29)_X29+Z(30;*X30+Z| 35)*X35+Z136)*X36÷Z137)_X37+
2Z( 3H ),;,X_,_+Z( 39)_X39+Z{40)*tkO+Z(42)*X42,,-ZI43),:,XG3+!(k4)_,K44+
3Z( 4b ]¢/,45 ....

I)% I" R 2= i" __"("154-_"_R_46
I)¢,T,42=rXP(I)STR2)/IOfl ....
_;11 l'fl I.I 5()
CIH TI NUE .........
fEFFt=fl4&X
X4= IEFG 1
XA=AL(E(_4)
X24: X2:::X 3_:X4 ,.
X 25: X 2:*:::X 2,'+
X2A= X 24 :::X 25
X2 / = XZ+ ::_X:*
×2_=X z' ¢X27
X 29= X 6 :',-'X6
X 31)= X 6';:X 29
X 35= X2 ::=X.6
X 36= X 3,:'- X A .._
X 37= x'+,_:x 7
X 3_4= X 4 :',:XB

X3V=X6VX I
X4[)= X 6_;:XR
X42 = X 5 :'.,X 6
X43=X42;::X7
X44= X2 :::X_
X45= X 3:::X4

r _R.4_,=:.( _,)_.-×4, z ( _ ),:x,_ _-zcz4 )_,xz4, z { 25 ),,,c z5+ __(zfi) :;,xz b+ t ( z I ) ,xz 7,
] Z( .>,._ );::_< 2H+ Z ( 29 );::X29+Z (3() )*X 30 _-Z( 35 )*X35+Z (36) iX 36+Z (37) _X 37+
27.( 3i_):::_(3_I_Z( 39),;'X3'-)+Z_40)*X40_-L(42)4, X_.Z_-Z(43)¢t43+LI44};xX44+
3Z ( 4 5 } ::,X:-_b

EP£1=F_(P( EPSI )/10ft.
IF(F.P_[.,;I'.PS[RAN(,t) );tl Ih) 1090
IE _1-2= I b FF I + I ./60.

X4=[EF_=2
XA=aI. II',;(X4)
X24= X2:::X 3_X4

X25=XZG'_X24 ..
X2A= X24':,X25
X27= X4:',:X¢
X28=x4 :::x 27
X29= Xh::'X6
X 30= XA:;:X29
X _5= X 2,',:X6
X36=X 3,;,X6

I P %C,6 4'_<]
lIp SC,,h b()O
I t."SC h_ [ fl
IP S(;6b 20
I P S_:t)'_ 50
IP _(,(:, b 4()
IP S(,h3b{)
]PSChb_)O
IP S(',t_o 1()
IP ._(:0 b d L)
IPSCh591.)
IP SC660f)
IPSC66[0
IV SC662(}
lV._C66 _I)

IP SCO64(]

TP S(,hOOu
IPSI:ha /O
IP._Cbbth)
IPS£6690

IPSC_ / I.O
I_'SCo 12o
IP SC(-, I JO
IP Si:h 140
I1-' SCh / bll
[P SC6/60
fV SC() 11()
[P SC6 I_0
IPSCO 190
TP SC68 O0
IPSCh4 [0
IPSCbH2Q
[eSCoS_()
] P 5C68 4()

IPSC6_IbO
IPSChB60

-I P SC 6"i/'()
IP ,qCI)_i_J 0
I P S,[: 6<190
Ip Sf:_)()O
IP.Sgho l()
] P S,(:.o '/' 2()
IV SC_ 3()
IP ,qCh 9 40

IP SCo_bO
TP SCog60
Ie SC6'_ IO
IP SCh98t)

[PSC tl)O0
IPSC/()IO
IPSC t020
IPSC / 0 :,41J
1PSC 104(I

IPSCI_)SI)
I-PSC/06i)
IPSC I0 I0
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_- _ _EDICTION OF CREEP IN
l.Af"

PHASE III

SUMMARYREPORT

NAS-1-11774

X3/= X'+ _:X /
X3H:X4;:XH
× "_9= X 6:;:X 7
X4(): X 6::: X U

X42= X 5:.:X r_
X4 3= × 42 :;_× t ...
X44= ×2 :::X'_
X 45 = X 9::=× 4
|'FR,46=Z( 4 )_;-'<4,7{ 6 )_:X,: _Z( :V* )_;:A24t.Z( 25 )#K;5+/. (25")_:K2)+Z( /)_xz /,

1Z( 2H ):_<2_+Z( 29 "):_X29+/( 30 )_X30+L(351*X35_Z{ 36)_.X36+Z ( 371"X37+
2Z( 38)*X3H+Z( 39):_K39+Z(40);:'X4U÷Z(42)_Z*I-I_3)_Xk3+7-I44)_X44+
3Z( 45 )_,X45 ..................

EPS2. : r #.q.45+ f_M6
EPS2=EKP( EPS2 )/loo.
[F(c_S2.L_.._.PSI.)L;_I rr] L040
I)ST_2=( EPS2-EPSI Ira( TIM_--I IMEL )*60,.
_,C i h',1%t" =2.
C,tl 111 L lbO

1 (l_,r) I)SFR2=O.
HC()NS]= ] ..................
G(I fll [150 "

I090 TF_F2=TMAX*(CSTRAN(J)IEPS] ) ..
1100 CiINFI,_.IG

XA:T[-FF2
X6=A!.Ha;(X4)
X24= X 2::' X 3-_X 4
X2b=XTZ+,_X_4
X26=X2_4_X25 .........
X " /- X4 "X 4.
X 2 H= X 4:'._X 2 r

X -4,.t= X 6':, X 7. 9
X35=X2_:X6
X3_=X "_,':-X6 .
X 3 T= X4 ::,X 7
X 3_']= X 4::: X H
X _ _1= X f')_;:X l
X40 = X 6_;:X H
X42.= X 5 _:X6
X4 -,_=x 42 _:X 7
KAY= × 2_:;_X4
xas=x 3::: X 4
f_P..4_=Z(4}.,:<_4+/_( 6):::Xh_Z( )/+)_:g24+Z( 2.'5)::_K25+/_(_X26+/_.(2-/}*X27+

1/_ ( ZH ),::<21R+Z ( 2g )_:X29+Z ( 30 ),'::X30+Z( 35 }*X 3,.5+Z ( 3(',)*_X 36+Z { 37 ) -"sX37+

2Z{ _H)-'_K3H*Z{ 39)_,K'39+Z140)_.:/,40+lJ42.)_ls42+Z143)x:_,43+/_144)_44_
3Z145):xX45

b'PS2= ," _ #. 'i 5 + _"_. R'_I 5
EPS2=FXP(EPS2 )/LO(1. _ '
[F( k:PS2,L,z,_PS'L)GO rlJ ItLn
TFFF2= I El.=F2 #( CSTRaN{ .I )tE_S2 |
,_1 rr) Lira)

111(} IF{ FPS2.(;I.CSTRAN(J ).,.AN{I.EPSI.GT,,.CSTRAN(J) )G(} T(] LL20
FSLr)PE:( Cc._ L-CE6F2 )I( _,-"SI-EPS2 )
TEFFI=TEFF2
EPSI:EPS2.

TE#F 2 = F SI.DPE,,',I C S'IRANI J )-EPS2 )+TEFF2
(;II r(l [13o

ll2n (E#FI:TEFF2

EPSI:EPS2

IPS(. In_t)
TP SC/_)'y_)
ivsc / [00
IPSCIll()

IvSu / L 7_)
IP SC / l ...i,()

IPSl: / L4(I
IP SC ( [b(I

IpSC _ t'_oIPSC I _0
IPSCI[dO
IPSCII90

IPSC 1200
IPSC/2IO
IPSC1220
rk'sc _'2 _()
IPSC/2.40
1VSCt250
IPSC 12_0
IP SC 12./(J
IPSC 1280
t P SC 1_9o
IP S(. l_Or)
II"SC 1 3 lO

lP SC,/._(i
Tv SC / ..,,4j()
I P SC ( _ 4{I
fPSCI 35U
IPSC /_5()
IPSCI 3(0
IPSC ( _.'l 0
IV SC 1 ._)0

IHSC / 4r)()
IP S£./'410

IPSC 1420

TP SC 1 430
IPSC 14g(1

IP SC7 450
IPSC 14o0

TPSCI kIO
[P SC,,( 4,4 (1
]WSC7 4_)0
[P SC (_()O
IPSC(blr)

IPSC 1571)
TP SC 7 b .'_{)
lP SC 75 qu
TWSC/bbO
IF' SC ('_o0
[P SC (5 (O

IvSC, 1540
1_ SC (5'_0
i'P5C7OO(}

IPSC7O IO
I-PSC7h20
IPSC 16 3O
IPSC I(-,40
]PSCI6bO
IP SCI6eHI

C-Z4
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IN
iJ

PHASE III

SUMMARY REPORT

NAS-1-11774

I" F F:F.)= f _:,-:,: )_( C4=" RA'q( ,I )/_J%2 )
] 13O CzH IINIJF ..

X4=I'Et=F2
X6=ALIh;(X4)
X 24= X7 :;_× '_:;: X'+
X2b= X 24 :;:X 24
X26: XZ'_ :,:Xg. b
X2 f= xq-.:×4
× ?,t= X4*X 77
X 2'V : X 6;'.:Xh
X 30: X6=xX 29

. . X 35=X2_X6 ...............
X36:X3,_X6
X37=X4*X7
X 3_= X4:::X8
X ",'# = X (-o:;X t
X40= XA :.:X _
X42= X b'X6 '_
X4 3= X4 27K7
x44= X2;::X4
X45=X3*X4
IE,<Mh= _ ( 4 )*X4+Z ( & I*X6+Z( 24 )*X24+Z ( 25 I*X25+Z ( 26.3 *X26+Z (27) *X27+

IZ(2_),::×24+ZI29)*X29+Z( 30)_X30+Z[35)_'X35+L(36)_X36+I.(31)_k3/+
2Z( 3_):::X3H+Z( 39)*X39+Z140)*X40+Z(42)e:X42+Z(43)x=X43+Z(44)_=X44+
3Z( 45 )--::X4-_

r.PS2=,{XP[ _.PS2 )/I00.
I F( AHS( (qPS2-CSTRAN( ,I) )/CSTRAN( J ) ).LT..O001 )GO ru 1140

Gr) l-f) _lII)
[140 rEF:F2= IEFF2+TIME- TIME l

X4=FEFF2

X()= AI_ 0'; { X4)

X 24= ")(2 :;:X "_,';: X 1+

X25=xP4*X24
X2A= X2 %:::K 2 b

X2 7= X4::_X4 .......
X2H:X4 :X)7
X2'4:X(_*X6
X 3_) = X6 ;,:X)-9
X 3b: X 2:'.:X6
X 3A: XB:::X6
X_/:X4:::Xl
X 3_: X4 X 4
X 3-) : x _ _;:X -!
X4()= X 6 _:X ,'i

X42=X5 X6 ._
X4 _:X/+2_=X7

X44=X2=: X4
X45:XB:;:X4
1F_RM6:Z ( 4 )*X4+Z ( 6 }':=Xh+Z ( 24 )*X24+Z( 25 }_X25+Z (2b_) :_=X26+Z (27)',':X27+

[Z( 28 ):::X24+Z( 2'-)):;:_<29+Z{ 30)¢K30+/( 35)*X35+L(3OI*X36+I_(31)_X31+
2Z( 3H)*x38+Z(39)_X39+Z(40}*X40+Z(42}*X42+Z(43)x'X43+Z(44)_X44+

3/_ ( 45 )_::X4_
C3= I"ERMS+ TERM6

C3=EXP(C3)ItO0.
I)S TR2:C. 3-EPS2

1140 CONI |N_IE
_:PSCRP:I)STR2

ll&_ cON[INdE

PSIL I_ l()

lP SC l O_i()
P SC lhg()

IPSCII_)()
F'%(.( ( l_

fe SC / / 2_)
_S(; I I 3()

IPSC(I_)

PSC I 1')()

IPSCI(OO
PSC((IO

IP SC I (B()
PSC1190

TPSC/_O0
IPSC /d tO
IPSC/d20
[PSC/4 30
Iv SC leJ 40
IVSC7_$5()

IPSCT_Io()
IPSC/d I0

IPSC(880
fPSC (dgo

IPSC/9OO
IPS_. 1_ lo
IV S[; 1') 7.0
IPSC ('_J(}
IPSC(94O

IP SC /_bO
IPSC 1960
lP SC 1910
I PSC l_)Bt )
I V SC/_'_ 0
IPSCHO()O
IPSC_OIO

IPSCUO2,)

IP SCI_Q 3()
lP SCIIO 4U
Ip SCdO')(]
[PSCH060

I P SCH() lO
lPS[;_i080

IP SCH,)90
IPSCd lO0
IvSC_I [o
rP SC_ L 20
IPSC_I30
IIP S(jB ] 4(}
I iJ SC._.J I hi)
IPSC8 ]hO

IPSC_L /0
]P SC_ 1 _ 0

IP SCeJ lgl)
IP SCU 200
IPSC_210
lPSCId220
IPSC823()
IPSCH240
IPSCaZbO
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PHASE III

SUMMARY REPORT

NAS-I-11774

IFlC,[I;,<l._l).<).},;ll Ill tl.(O
S l'_F._,(I. I=-_ l-t.tV.'g( L I
_, I GI,I=O.
k P S C R P = - t7_t) _,C t4 P

l I I,) CIII,,II I,\I)IE

_SI'Ai_T= c, f)4t-S( ! )
i r|lCRl_=_c_l_gpt.( SI-K__S(,o )+<,_S.q,I.._(j ) )/_( _tvj ) "-

C
C _f)l. 5
C

IF( ASF)4AI( .J )._o.rlJ]C_ J ),_1.1 ro [32o
cRt_T l ()= TLI'I'Ct4P/AS [ikAT ( J ] .......
IFlal,+SlC,,t+xl'ltl-t.(+)m)i.).f,.mjt)(;O ro t3__o
IFII_.NE.IIG() T[) 1270

1.=2..
ISTKI=FtJTC_P
IF( .<;.r,t +.,;( t ).+,t,_.o, ),;u ,',) I.z,)o
IF(AST_,^I-(.I).GT.rIJTC_,#)(,() 1[.1 II'_O

itdo sr)_Esiz)=sr)_ES(l)-l()o.
(;() Tf) 87O

11_)() SI'RES( 2)=<_[RES(I )+IO0.
(;cl It} _V_)

}.PC)f) [Fl&,+';.P(,t,_l-(,ll°'q_°Oo)iT, l} l')J [2_IO
IF( ill I(:RiJ.I.-[.I'). )i,tl TI) 1190

flrl If) 1.|m)
1;1() 171SlrE.g( [ I.I.T.O..ANI}.TLiIC)4V_.OI.O..ANI).ASf_^TIJI.LF.rtiII::_tiJI

if;!] i'll t2,f,)
IF( STYES( [ I .G ToO.. ANI). rurcKP.L T.O..ANOoAST_,_, liJ I .Gr. TOTCs_P )

It;l) It) 12;+0
(;f) Ill t23f)

[2,t.,) srqEs(2)=sr,t-_-Stl);:,2.
Ofl 111 H'/()

i;3(i Cll_ql" lt_Jil{

IFl a.S( Cg, alldl+(J]..1 }t;(J I-il L250
IF(hgrqhTl,ll.Ll ,OoIGI)I'tJ [240
ST_ES(2 )--STRES( I )+AHS(STi_ES[ I ) ) .....
(;n r)) t26r)

124f) ST)4F_{,7_ )=STRES( 1 )-^t_S(STi4FS( I }}

|2bf) CIIN lltmlF
S1 rely[ ;. )=q rr_;s( l )tE.R,_I" Ill

12_,0 C(1,_ll- l NIJE
(;N Ill _l-l+)

t27_) L=I.+ I
[F(i o(\I_..20)Gli (t) 128f)
Wit [ ll:(_, 1870 )I i,],(K)Ki
t_() fi) ),3)_O

12140 Ctl,,t l I NI it:_
IS, 1142= rl] ]Ct4P
IF( ^_I'_4AT(.I }.EO.O. )GO TU l_ilO

Ci4A[ lrJ=f'f) reaP/_,e,i_t _,1( j )

IFl^t_.glr.i4t(rlt)- !,000).).1.,001i00 TO 1290
(_,f) I"fi [ 3f)f]

12_f) I.= I.- l
(if} I'(1 L32rl

1300 CflN TI Nile
F_L()PE= ( _;)'9,ES[ L-t )-.'.; r v,- s( L-2 ) )/( FS [_,2-I-S T,4 [)

TrE._().|=STRES(L-I)+(&S TC,_T(J)-I'STR2}*SLO_ES l_tl = rS T.t2

I tj Nt;l_ 2,)()
IP .%(;Is ) i'll
I i-) S(, 42:+()
TP SEts 2<-J()
ll-I $1] tI _')(J

Iv' <,(.a _ l()
1P$C_t$2()
IP $Ctl -_._0
I P S _',_$340
IP SC8 -_bt)
IPSOrJ 361)

• TP 5C8 31t)
fi-' SC tJ 3d 0
T_,SCH 39O
Ip SC_ _00

Iv) SC_ 4] 0
)_ 5C_42()

IP SC_ 4b()
P %C_g60

IP SCt_ 4(0
I-I5C_ 4_JO

lP SCI_ 49o

P SC _'1'_OO
lP SC_Jb 1(}

P SC.,_J_20

P SC_ b -_0
VSCdb40
PSCHbbO

IP5C8_(_O
lp SC_570
I t-I 3 (_ t', b rt I)

]P.%C_ b_(I
IP SC H 6(.)f)
lPSCtt6 [(}
IPSC_62.0
TP SCU6 30

IP SC/J/Jbf)
I P _C 13'3_)(]
IP SCt_,lO
fP S(: vi<_HO
[P' S(.,_ 6 9(]
IP_(_d/(]()
TP :%Cll / 1 0
IPsI:_Jl?(J
I P SCII +" 30
IPSCS/41)
IP SC8 IbO

i-P SO H I_)0
TP Sot) t /0
IP SCtt i'80
/PSC87_0
[P SC_dO0
TP SCViH l+)
lP .SCl_,t ?()
IP SCI-I 1#30
I'I"t SC dd 4(1
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%j_PREDICTION OF CREEP IN

ii-_V_/_E1.ALLIC "res PANELS

PHASE III

SUMMARY REPORT
NAS-1-11774

132()

!340
C
C 8n10
C

1350

136n

137(}

C
C ,inl
C

13_)n

l 40i)

C

(;11 I'll _lt_)

_1 IIPE=( S 1RFS( I.-| )-S I'R_S (t.-2 } )/( TS ]R_- TS TR1 )

IF(A_S(STRES(I_)/STRES(L-I )-I.OO}.I.T..O01 }(;_)
IF(A_((_('_S[ '. )t%1 ,_k; L- ) )- I ._lll ), I'..;)')[ },;_1
l SIRI=_ SLY2.
(_r) Fit _it,)
Cl_!qT It'itJE
S tRESS{ .I):S f_,'S{ L )
FOrCI,I} = STrESSI,JI,_AIJI
I'[.)]V(IR, = I'IJ]FIJP, + #l)#,:{J}

IF(FHt%,..,,I_.O. )G{J fU 1360

IF(TI)F;IIR..I.T.O.O.ANI) F2.GT.O.O)GO Tq 1350IF( [illgtl,_.(;T.o.o.A,ql): "2.LF .o.1) ) t;t) ,,, 1350
IF(AhS(TfiIFUF_I.LT..()f}I} (;it ro 138o
y2 = AY,,l_¢
IF( IIJI;OR,LT.O.O} AYNAC = AYNAC + DY .....
IF(l'nl_)._..(;T.(}.O) _.YN_C = AYNAC - Oi
F2 = TI.)TFf)R
G(I Ffl HO0
CON TI _'_rtE
AYNAC = &Y,IAC - (A4S(,'(IFA_J'_.)::'(AINt_.- Y2I)I(AP, S(_'IJT;O41
F_IAI.= I.
I'llI_:rlg :() .

g. I h',l f [_qiJE

I)11 1370 ,l=l ,NAREA
ASTRAl(J) = I'HETAI'(KI},::tAYNAC - YIJIIIOX
CFh_ T I(,IHE
[(IIFI)R = ().n

f)II 1390 ,J:l INAREAFORC(J ) : S RESS(J)*A(J )
IOrFf.)R : TUTFUR + F(IRC(J)

XMI : XM[. + A_,S(FIIqC(,I ):',:( A(dAC - ((,1)))

CllNf IN'IE
llll. l = ARS(XM1 - XM(IM[Ki })/X_II.IM(K1}

8()06

IF(F_)I l,r_l, o()1 } G(I I[I 1410
li:(FIR_,,'4.,q._.n. )ml T() L4_.)
FIRSIN=I.
XMI_)=X41
THA T1 = IHFi'AT( K] )
_'IlF.IAI(K[ )=i'l-l-FAI'(<I )#( <,II},4(KI. }/_(.'IL}
(;I) IIA 790
CfINf INglE
THAT 2= I"HE EA TI Kl )
FrlLl:A,]S( g.lt-K,41Jr.lIK1 ) )/_,_,),4(K1 )
IF( TIILI I.I..001 )(;t) TIJ 1410
SLO_'E,4= _ HAT2-THA TI )/{ X,_ t-*,_ 10 )
THF.r AT( KI )= SI.t}PEN#( XNI]M( KI )-XR1 )+THAI;

+ A_S(;Z))

IV S f;t(_Jt$()
IV S/;tI,I') (I

IP SC_v 40
IP'SCeJVbO
IPSC_960

]PSC89B0
IPSC_99I)
IP SC9 t)Of)
I la S(]'gL) '1 I)
IP SCVL)2o
IPSC9()5()
Iv S(;90 4(}
IPSC9050
TP SC9060
"fP SC99 I()
IP.til,_ !jdH
ll-) S(,9_)9(j
IP SCW L()O
IP SC'-)t t()
IF'SCv l 2(J
IP SC'9 l 3()
1P S C9 1 40
IPSCgLSO
TP SC9 l 6D
I_'SCgLI(}
rP SC'_ l HO
lv SC_) l._0
1 t_ SC _)200
IPSC92_I()
IP SC922.q
IP SC9 2 31)
1P S(;_)2 4f)
IPSC92_b()
IP S(19200
|P S(]_2 (0
Iv'$692_t0
IPSfT_Z'_u
fl-' S(7_ _(}()
1P SC.'J 3 t ,)
Ip SC_ 32.0
IPSC9330
IPSC9 34()
IPS6939O
]v 5C9 3t_O
IPSC9510
FPSC9 3UO
TPSC9590
I V SC9 400
IPSCg_[O
1P SC9 42(l
I P SC'.)43o
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_----_2_R'EDICTION OF CR EEP IN
VMETALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-1--11774

(. 4,)(| t
C

I'H_ I1= IHg 12
X,'11 n = X,_1!.
,;ll I'1t /'-),1

|,_ ll) (:ljr,J [IMrlI-
%AVI'H_= I H'_. [A i( (1)- f_l'- [IX !( [ t_ [ )
SAVI,'!P:T(KI ,1 )

SAVPRS=PREF_S( K1 }
(;fl [11 [_3r)

142r) S4VLI)[)=PL(}AI)( K1 ) ..
143n CONFI_q_F.

l)r) 144n J=l tNAREA

] 4 _.{') CIh_l ] [ NIJE
I'HE rat.=; H_ r_,g4- THE TA, T( t,t )-rHErAE( I _<
i)11 14bn .1=1_ _NA_.EA

16.5r) csr_aN( J )=I,-t_IA(:*( _Y,,t'_C-¢(,I ) )/I),,(

[-RES£ t,_,( J J/E( K1 tJ )
IF( I_')¢:tC. :(-).()} t,I) t't) 14(,()
IF( KK.IqE. I )G() TI] [460
I'HE I( I ,K'L )=i'H:"rat,

1460 IF(KI.NE.NII_E) (;() rU Ib_(')
I)11 1.47r) .'J= [,rJll,4C. yl:
NtINC 1 = N

1F(KK._IJ,/-,C. YC_Io_(N) )I;iJ I'tl l..6. dO
]6.7{) E I }_'Jr I i,,ll JE

(;f) fit 15:)o
148{3 I)13 1490 ,I=I,NAR.EA

PSfRAN( I ,J,i'4d4rl)=gSfiA,_l( J),100o
RESP( I ,,I,NUMCI )=RESSTR( J )

16._) CIIl_lr [NiJl__
[50() r,i-}lq ]ir,,_ll{:_

i)1) 15[u ,4=1,._1_l_4¢YC
NI.h'4C2 = l,t

151, n IF(KK.-U.KCYCLEIN)) _;,J r,l L520
(;ll III 1530

I h;.(l [HE IaPl I ,NtlqC2 ) = It|E;Ac.
lb:_r} CON TINIIE

15/,n C[INI" llqtl -':
155(I C[lUlINIIE

IF( It,lO.-.l A.EO.L ) L;LI Fit 161.o
{_(I 160(1 I l:l IqlIMCYC
NMIN2=qSI'AT-_

I)() 1514C) 1.2=I,NMIN2
S_],,I[ =r),n
£(JM2:().O
SU_4 _=().
IPR II. 2= I P_{ INT( 1.2 )

t)11 Ih&_) 41.=[_[PR[t P

I 56()

! 51(_

! bHO

)

rHF. TAX= ( 1HE TAP( N[ ,I.[ )+ rlIETAP( NI+I ,L I } )*X (N1112.0

S_1,_1l = gll_4 1 _" [H( TAX
CI)_',l TI NIJE
I PRL21.=IPKIL2_-2
Dn 1570 N2=IPRL21,NSfAT

SII,'12=S_lMP.+[HETAP(N2,1_ [ )

I)FFL( I.I ,I.2 }=SUMI+SU_2_ X{ L2 l+ X IL2)* THE TAP(I. 2+hL I } 12.
C))'_[ INglE

lip SC_ 4')(I
IP S(:94.)_)
TP S('9 6.1,)

I P ._(:9 '_.'_I )
Ip S("_ 3(),)

lP SCab I0
IPSC9_)20

IPSCgb30
tPSC954()
IPSC9550
1PSC9560
TPSC957()
IPSCV580
rp SC9590
I1-'SC9_0O
lPSC9610
IP SC952.0
1PSC96 30
IPSCWb_()
IP SC9650
IPSC9(_60
TP SC96 I0
i P Sl'_gbHl)
I P SC9690

IPSC_ h)O
IPSCg/IO

IPSC9 (_0
1P ._C9 I 3I)

IPSC9 16.o
TPSC_ IbO
IPSC_ (_)o
I'V S(;'_ / I()

IP SC9 I_t)
TPSC9790
rPsc94oo
Tp SC9_ 10
I P ,<,C '.¢,:1?. ()
IP SCgH 30

IP S£,9r_ 40
IP SCg_lb()
IPSCg_hO

iPSC9810
IP SC_4_)

IP SC'-)_90
i P SC991}(]

IPSC9910
lP sr,992(1

IP SC99 3l)

fP SC99 _(r)
IPSC995U
IPSC99bo
[PSC9970

IPSC99_O
TPSC999r)
IPSC [0
IPSC 20
fPSC 31)
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"    ED,OT,ONOFCREEP,.
II "J

PHASE III
SUMMARYREPORT

NAS-1-11774

I h ,-)( )

1600
t (-,,t rl

i(,2_0

1,5 ?}r_

i ,_4()

1 _7_1

]_8r)

1 _9n

I lf)ll

l /L_
I 1)._)

I!f} 159 r) NI=I ,t,h'41111
|'H_ rA,_:( i',_! I',%_( ,q'[ 9i. [ )f-," J :1" i\J'( ,_}.t- [ 9 I. [ } )¢({,'.1[ ) /,_e ')

_lJ,, "-_= .t_!Jt,13÷ [ltt: i,_Y

('t} 1 i" ] I,lIJ_

I)FFI. ( t I , NS Ta 1- 1 )-- %tj1'43+ [H!- T_.P( Ix SI" A T, L 1 ) #x(r,,IS f A 1- 1 )/2.0
I.)_FL(J-Lo,4SF&I)=.;il,4,_+f i:i,_#(,_lsl',_l,,.[)¢((,,l_r_.l)/)_.(,i
CI}_IIINIIE
CII qt" l*tIJ_
I)1) ]660 I,l=|,*_ll-]I_lE
,/*'4 I_.12=4SI _, [-2.
DI1 164_) L2=I,NMIN2
SI 1"44 = {).
SIJN 5--: {}. --
S I l'"I _ = (I .
I P_ l I. 2= I P'R I i_tT( L2 }
I)11 l_b2') _ll:t,lJ_lt. ).
F.'IHET_ = (1FI_T/_ir4'I.j,I.].) + THETAE(NI+I,I.L))*X(N.])/2.0

C_l_t 11 NIJE ..
[PRL.;)L=IPMI' 2.-1-2

I}ll |_}_') N2_:IPRI. 21,NSTAT
st _15=S,_,,t_fU-." r_E(,12,_.[ )
I)EFLF( !. ] ,I. 2 }= SL1'44+SI1,45 ;',: X( L2 }+
P. I )N I" ] hilJ_

N_4[1'.11 =flS[A/-]
[3+1 t65,1 tt:!.,'q+ll,,ll
TtlETAY: ( FH_ lAB( I'dl ,I. 1 }+ rHP_' lAB( NI+I ,L I ) )*X (NI)/_.
SIJ.46:%'l_161 -I'H_Th,Y
CII;q TI t,tt IF
LIE F'_ E ( '. l , qSi" '\ l- t ) = SU_4q, 4" ,'"_- r _EL ,,lS_"/_," , L t ) ':"/_ ( _I S; _ -t ) /2 .
[}EFI. E(I.I,NS]Ai )=SUNb+ THE IAEINSTAT_LI |*X(NSIAT)/2.

IF( I_'!C_'C.ErJ.f})Gfl TI} I720
r)_} l/tr) '.L=L,4_'i,4E
1'1_4|,'12=,tS T/_ 1--2
I)(1 [6_)f) '_Z:t,'l'q[,_?
SIJN7=O.f)
SII.4d=O .0
S(/*"l L)= 0. ('_ --
I #_ IL2= IIJ_,I qr (,.2 }
I)(1 Jh7l) _\II=i,IPR]I. 2
I'HE l/\K=( i'H_-r(4[,=_ [ )÷li_.i "('a].+[,l i ) ),((q[l/2.o
SIIN_ l= SIJHT+ I lie TAx

I PI_,I_ 2 ] = IPR|I_2+7
i){I t6Hrl ,',I2=[,-)4q_21,,_ISI_,T
.£1J_.1;'_= SIJi'48+ [HE T( i12 _I_ J }
I)E FL It\l( I. [ ,1_2 )= q.!],4 I _-StJ44:x X( 1.2 )+
_,1 If, i T I NIAE

N,_ 1,4 [=4S r,_ I- L
(]() 17()l) 1'41=I,,I_41N1
FHE1&Y=( I" H__"," (.tt ,1_ t )+ I'H( r (,t L+ t ,,_t ) )*<( _1t )/2.r)
sung= SIJi'494- THE TAY
CiINr [N,JE
L)EFL I N( L l ,NS TA I- I }= SUM L)+ THET( NST.&T _ L L )*X (itS rA T-- [ )/2 .O
11_.FL IN( I. I. ,NS; _, I } =S,h4') _i'H -r { ,qSi" Ai" , '.'L ):x4 (,qSr a," ) / 2..()
C[)N Ti NIJE
C(}mlr INtl'.. .- .. .

X (L2) # IH_ T._E (L2+1 ,L I)/2.

Y,( ,_ 2 ) _I'H_ r(l_2+ L.,LL) /2.

iP' SC _,O
IPSC 5r)
I P S(_. ,)()
IPSC It)
IPS(; 41)
IPSC ,-)r)
IP S(1 t:)l)
IPSC llO

IP'SC L20
[P SC l _)
IPSC L/-+(.)
(PSC IbO
IPSC LO0
TPSC 170
1PSC LH, I)
IPSC 190

I_S(. 2_(}0
II-' SC 210
I t-.'SC Z2__)
IP.SC 230

IPSC 2_}
]PSC 251}
IPSC 260
IPSC 2I0
i P SC 2_(1
IPSC 7YO
I P SC -_OO
IPSC 3If)
IPSC _,2_[)
IPSC .4..40
IPSC 5ql)
1PSC 350
IP SC 5hO
]PSC 31()
-I t-)S C _](1
IPSC 3UI)
IPSC '4o0
IPSC _lr)
IPSC _+2()

IPSC _4{)
FPSC 450

IPSC _)l)
IPSC _+lO
IeSC 4_,1
IP SC 490
IPSC 'J 0 q}
TPSC blO
IP.%C 57_(1
fPSC 5J()

IPSC b5()
IPSC 5b()
IPSC 570
|PSC 580
IPSC 5_{)
IPSC ()0()
IPSC 61t1

C-Z9

MCDONNELL DOUGLAS ASTROAIAUTICS COMPAI_Y o EAST



_PP_EDICTION OF CREEP IN
METALLIC TPS PANELS

PHASE III

SUMMARYREPORT
NAS-1-11774

IF( II)IME,q.t:q.t )_,.I I,1 I. 13_)
IJEP[tI=r)FP IH ,:;2.b4OnOb
Q[fi_,H=PII" _,H :;-.2,')4r)(l )'5
FLA'f=FL^ I ._=2, ", "'_{ ) ( I r'Jb
_I)C,I:= : _)(._ : _::_ ,, "', :¢.1} ) )"J

I S = 1S ;:=2 , 'l/+(lllr)'._

I" C= 1C :,,: >1 • "_'_'fI,) )L_ ""

"1_= IR =:"_., 54()(iDb
XI (;[lt--Xl (;I'H ::=2,b'_r)l) )b

M 1H.FI. (;= R I _FI_G _=2. b4()qrlb
ZPNEI)].=ZP*q_i)]. ::'2.b _Or)')'_
ZPNEF)2=/_PNED2 .2. 540()0b
r Z EE= r LEE *2.'_.On,}'_
ZEESF I: ZEESF'I. ,2.5z_OOO5

ZEEFt-I=ZEEFF[ _2. bt+l){)O5
P,'4IO=R.II,) :;:.2.b,,rl,))_
BI)EP=Hi)PP _;_2.SAq')_lb

AL EN= AI. EN #2. 540(105
P Al',lvl I t) = P _."IN [ I) #2 • 54OOOb
ZEESF:ZEESF
ESr IFF=ES, I r:F.t22 : 540°°5

I 130 CCI,,ilINIIE

Ca,.,. (),JFp,)r( [N,);g,l , fS , r_, , ,q¢[,_ ,

IMIH. FL(; _ I')EPTH t TC , NC(JR , FLAT _ Et)(;E
2rzEE , qZ-_ _ ZF',_l-.'lll_ LPNE,)2 , _":'_S_ , /_E!Sr:L t
"_ZEEI"F] , XI._r;IH t INt)HI) , BRAI) _ HWID , lJm.ILOO ,
4AI. EN _ I)XI'I"_E _, PI_C_S t i'l:_4P t xp_[Nr + I_II'[ME
5DEFL.E , NIIMCYC _ KCYCI. E _ DEFI. NAREA , Y_.
_A_'4 [ ,_A'4 _ , ,'_'"t "_.t A,4,'+ ,_A_45 _ [ "_)--I. A _pSI'R&,q e t] !. (J t_l) lt
7 XI _, YH. AR _ Z _ PANW|I)_ I)EFLIN _ INCYC__
HIFI._E , I-U:',II'P , If,lIP , [i)[,4-,_1 • [LIJA,) , [EIJ'_ISi')

1.74r) LC)IIP - I.[]I]P + !
IF(f rI(-IP.t.I'.,4E4CAS) Gll r_l i_)

]7_{) FIIRPtA 1(hA}I) )

P [Crl ,

PI'IICUR
/.-_"- F r:

l NI)SUP t
NSfAT

RESP

IPS[. _3()

IPSC _4.()

IPSC bbO
IP SC 660

IP '.,{:hi()
IF'SC O8u

IIJSC _)9()
IPSC 1o0
IPSC /]._)
IPSC 120

IPSC 130
]PSC 740
IPSC 1_50
IP SC Io0
IPSC l ILl
IPSC 7HO

IPSC 1 '_){)
[PSC U()O
IPSC dLO
TPSC u2(}
IPSC d30

rPSC U_H)
iPSC ,dSO
fPSC _O0
IPSC ,_I0
rP_c u_o
IPSC ,-J9 (}
IPSC 900
IPSC _ll)
TPSC 920
IP SC 9 30
IPSC 940
lt",'-,C 9bO

IPSC V60
IPSC v70

I /7()IFII_,,4AI'( IHL,IIII,b(}X,z+HC,_S_,[_,9._ _,_I'_L/S[S_I,4HX,22_IELASTIC SIRESSES /_ X:,FI,3_//) '
17_n FllR.'4a_'(4_)t-I _.R;.IIR I.',l, '_,_IL--L'}IIKHP _,_),Jr[._l- a," ,([Tq = ,E15.3)

]l'--)n FIIR_AI(4OH ERR,IR IN TAnLr_'-I.()OKLIP RI.II.IIINE AT XtN = ,E15.'4)
IH:}() FI1R.4AF(_(IH .''_,_J}i_, l'q r _._.-LIJIJKIJP _,t],Jl'[ q_ /_l" r IN : ,_-15.5)
IH2r) F_IRMAT(/I/_4HX,21rll'RA.IEC[(IRY [],'4E SIEP ,I2,/)

IH3_) #FI,R.4AF( 3,)X_LHJ,]_bX,] I.IA<-A( c,u_.C,_ ), L3X,5,-I/(,]'I) _-t4.X_ [ [HS[ _,_SS(MPA)/)
IHkr)
IHb_}

l_6n
IHTn

TP SC UgO
IF,.SC luuo
IPSCIOIO

Iv SC 1()2(.)
TP SC I O 30

lp SC ].o_O
IP SC i O_tl

IPSCLt)7()

212,1X, IH CYCL_ _I3,1X,6H SFEP ,12162H &NAI_YSIS PRIIi_.EEI) I,_IG W[_'H
3ESS IJNCHAN(;EI.)_I )

ENt)

SURRI-.II}TINE GE(IM( INI)GEII _ DEPTH _ TR _ NRItl _ PIT(_H
IRIHFL(; , I'S , rc , NCIIR , E')';E , PH[CIJR , ._LAI _,

2TTEE , NZEE , ZPNEI)I , ZPNEI)2 ,,ZEEFF] , LEESFI. , Z'EEFF ,
3ZEESF , A • Y _ i)y , P_N,'_[_)
4 NSECT , SEC , S )

C

C

C .... rills SIJHP, III)I'I,_IE _)1'/I')'_% ,',_'_ FPS (:,tOSS SSCFI_,,I i,ql'i] ,)ES:_,EI'E

Frl_,r4^ T( 2.HX, I 5,bX, "_E2.( .b } IPSCI()HO
FC)_.,-IAF( 3:)X,LH..I,IbX,IL-IAR :A(S,.}.I'_I), I3X,_HY{[N), Lz+X, LLHS["(ESSIPSI)I) IPSCLOv()
F_)R.t.IAI{ 5H 9OF)3,InX,2IS_,EI5 5_ IPSCIIOO
FIIR..IAFI_.,SH "_A._.,_II,'.IG- ,'_E,'_,'_[,'l_._Ar[_)qsLh',lSI"_,_SS [N I',i_ HAP, I)-N[NGIPSCItL(I

Rf')IJTI".IE.,/14H REAM SrATII)N _]2_/X_]iI-I SECTILIi_{J), I-PSC].}20

STR fPSCI L ._O
IP SCI 1 '4O

GE(IM IO

GEl_Ira 2()
(;EUM 30
G E {J M 40
(;EUM 50
GEIJM t)O
GE{IM 1()
[;E hlM dO

C-20

MCDONNELL "DOUGLAS ASTROAIAUTICS COMPANY - EAST



PHASE III

SUMMARY REPORT

NAS-l-11774

C
C
g

ELE.tE,1;'i _,q,) ,_S'-:,I);IS /(.I) ,:!,_l,'bll,) L_l'd[()l", A4_) A_S IJ

()l 4_:4',, l))l ,_.( -,_1 ) f(,, ) )
CIliUM!Ill PL/_l_liJl,I f)Jl-_ ]l.ilh'l) I ",]11)'!.

I)A(_, ,J.P_,)/") ¢..:)) ) f /-_->/
NSECT2=I')SF r,l-). .-
NF, FC r 3 =.',I S _ C.)"-2
NSECT6=NSEC[-4
NSEC I"b=)',ISEC r- 3
GO TU ( I0 ,40 ,H(') ,230),INI)GEO ..

C
C --- CALCLILATI[]N OF Rill SECTI(}N AREAS AND Y LOCATIONS; [NOG_U _- l
C

If) I)Y= (i)EP1-H-TS}IISEC-I.)
A( 1 )=( { I);PFH- IS )/( SEC-L. ) )_'.:rP,*r, tP. l 5
I.)(} 20 J = 2, I',IS F.'C l 2 _,

_) A(,I) = A(,I - [ )
A( rtSEC-I )= IS_,_( ( N_, I B- t l_V I 1CH +2.(])RIBFLG)
l)r] 3(') J=l ,,tS_Cl'2

30 Y(.I ) - (2.O:;_J - I.O)¢11Y/2.O
Y( ixl_,E_ r )=tl__p I'i4-TS/_. O

I),E T:,JP,FI

{;_!Ili 90
{;kiin ]I)_)
[.;Et)I'I ]. [()
(Jk I I )"1 I2(I

t)FIl,'l }. 4{)
hrtlM L:_(I
(,L-I I I'1 16()
(_l:tl j_l L lit
GEII p_l J ,,t ( I
G k O I'i [9(}
GEIJM 200

L; E {J)"_ 210
GEIJM 220

GE{JM 231)
G E U i_1 2 L,O

(.;E{} F1 2_b()
(;E{1)'I 21()
GE[)M 2k_(I
(; E [J f"| 29{)
I.;EIJ M .30{)
GE (),.I -410
GEL) _ 320
(,P."IJ("I 330

C --- CALCIIL6`TI,Ii,I {IF C()KRI]{,6` I_,) SECTII..IN AREAS ANI) Y I.UCAIlUNS; INDGEI] = L;EtjI'i 34{)

40 UY= (DEPTH- TS-,).:::TC )I(SE{:-3.,I
Y{ I) = fC/2.O
r)_r}5O J=2,NSEC [3

50 Y(,I) = I-_: + (.! - 2)_:q)( _ ))t/2.0
Y(,JSEC1-2J=Y(NSECT3I+TCI2.O+I)YI2.0

Y(_)S_=C f )=,)EPrN-IS/2°O
S=P[ 1CH - 2,0'_( ( Y(NSF_CT2)-Y( 1 ) }_-'( TAN(PHICOR /RAD) ) )-FLAT
IF(%,G_.O.q) .;U I'II 60
WRI-I-_ ( 6,24() 1
R F_I'I)RN

,sf) 6,( I ) = S;;:N)CrIR:_IC
_)_1 to ,J=2,_IS_.]_ :_

I() A(,J)=(1)Y/C(IS(PHIC()R/_,AI)))_TC'_NC(IR'_2.O

6.()qSF:(:;2 )= (,I.:IJR¢/,.AF + ,'.n,_EI)GE }'_I'C
A(NSF_Cr }= PAI,JwIr);;:IS

C
r ___ CAI F.IJL_%I"[(lfl llr: Z S_C.I'I,H A{.;_AS TIN,) ( ).I}.]AI'[II,',IS;

4() ))Y= (1)=.PFrI - )'S - 2.')x)'/--;-I/(SEC-i.)

Y( 1 I = IZEEI2.0
))rj 9n I=;) ,N_, ",:r,.

90 Y( I ) = IZEE + ( I - 2)¢l]Y + I)YI2.O

IFIZEq;FI.LE.,'LEE} (;LI )'_1 i)o
L)_} Inn I:2,NSECT

IF((Y{ [ ) _- OY/__.()).(;(.Z_-==I) 6)} rl} 11.0
1 i'll)CF)It TINtIE
Itf) l)-l(;[l --- 1 I.

H4! = ZF_EFI-:I - Y(I - l.) - _)Y/2.O

Y[NSECr5) = Z_EFFI -rt'_l12._}
A(NSI£CIb) = H4I_NZEE_TZEF_

(;U f_l t__t)

I.\h)G{{} = 3

_; F I) ,"i 3)O
(;E[) Iv1 300
G E (.1('_ 3YO
L, E (} I"1 380
O E O ,"1 390
L, E IJ I"l 400

C,E i l ,'_ 4[0
(;E{I M 42O
t;EI)ivI _30
i.;[--U i_.il.i._ O
[;_I}FI 4'_0
GEIIM 46(1

{3 El 11VI 4eJ_')
(;El JP'I 49()

GEII )'I500

(;EIJ FI 5LO
la E t J i",I _{)
G _1 ))'1 _3()
{;EI}M 540
GE { I_"1 5b()
t;E(.]M 560
(;EIJtV1 5/O
GEl} 1.1 5L_O
(;EU_ 590

GEU M 600
(;E L) r_ 61()

(;EIJM 620
GEU)_ 630
GF U r'l64(1
GklJ,'1 6b()
(;EIJM 660
t,l: {.III b(1)
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c--Q,.= ,,,_rJ PHASE Iii

SUMMARY REPORT

NAS-I-11774

1)() Y(N%Ec..(b) = o.o •
^(N_,F(.15} = O.O

I;,r) IF(/I-_%FL.I.;..r/.r.:) _,) (,I I ,0

I)lJ 140 ,]=2,:qSE,_[
UFPf_I = ,)G:fH - (5 - /_- _\:[
If'(( Y(.I ) + t)Y/2..(;).(; I.)))-_" I_tl ) (;I] T[) 150

14{I C. Iimlf ]I_tLIE

15f) IHGT? = J + 1
H_,,_ _(,I) + *)Y/2.{} - o_prHl
Y( NS_- I)E prHl +CT31= H48/2.O

GO T(] L 7o
16n Y(NSECF3) = ().0

A(NSECT3) = q.O
170 Y(NSECr2) = _)-PFH-rs -:cG_/2.o

Y(NSECF} = I)EPIH- TS/2.()
A( 1 ) = (L_G:_t.:'_:::;,qLE_
DF] IHO K=2,NSFC f4

14o A(K) = I)Y*NL,-_.¢FLE-_
IF(ZEEFFI.LE.TZEE} GO FU 200
Oil 190 I.=2,[H_I'| : " "

19() A(I. ) = A(L) + I)Y_NZEE*TZEE
200 CFINF IN_I_

IF(ZEESFI..E(.).C_.O.I)R.ZEESF].LE.TZEE) GO TO 220
l)ll 21') M= [HI;I'2,'JS_']'F#

2I(1 A(i,t) A(M) + {)Y:_rqZEE,;,IZvE22. t) Cfl,ql" l[_lJ

A(NSEC 12): NZEE*ZEESF'_TZEE

AINSEC( ) = oA,qWll) _ FS
230 Cf}NTIN_IE

REFIJRN
240 FORMal( 5OH CORRU(;ATIUN INPUT t)ATA YIELDS A NEGATIVE S LENGTH)

EN")
StlRR(]II]'INE TRIoKP(T) IEX) XIN) YIN_ Z) [E}
I)I'_IENSIrI'q ([ L)
C(JMMqN PI_AMOM)PK TMI._M) IND_'LA
[ = IA4S([EX)
IE = (I

NX = r(!+). )
NY = 1{ I+ 3]

C .... [,',I=)EP_'qt)E,_I[ VARI&RLE) X I'_,,_t _ I.I]IJ(-tJP
LL = 5
LIJ = NX + 4
LLS = ](I)
V&R = X l,,l
NR TN= 0
{;I} ffl 5()

IO T(
IO,,,Y._';_.-"" ),;,, rl, 2oIF I)

tZ = LL + NX
Z = FRacr,(r(,.Z+l) - (('.':)) + F(L':)
(;0 TI) 190

C .... INI)EPG,qlI_.'qF Vt_RIA_L-.', Y (A41E I. I hJ4-lJP -- B[V&RIAI'_
20 L× = LL - 4

FRX = FRACF
LL = NX + 5

I. IJ = 'qX + NY + /+

LLS' = T[ I+l )
VAR = YIN

(,_ (I) l'l l)_} ()

b F, I J )'] /_ '-) ( J

L; _ I ,I rl (i)()

t:_): I J 1.1 /" }, ()

()l:lJiq (_l

GE(II'I t'-_t)
l.__l Irl (zH)
GEiJ VI /b()
GEI)_'I (_t)
[,l:lJi'l(1()

GEI)FI /all)
GEUm 190

GEIJM dO0
GE(]M 810
GEIJffl ._2(}

GE U M _ JO
O E IlI'l dGq

(_,E (J M _55l)
Offl}_'l dO0
t;_:t) M _10

(;EIJ i_ _tc)O

GEIJM 900
GEIIM 9If)
(;E( II'I 92[)
(; E(J l-! 93()
t.; E (]),i 940
[; _: l) FI 950

GElJln 950
(;EIJM 9(()
(; E (J)"l 9d()
(;ELIN 990

fI_LK 10
[H,i_ K 2_0

]P,L K JO
lilLK 41)

• 1BLK 50
I_,IK 6(-)
1 _I_K (()
IHLK dr)
TI_LK 90

IHiK [O(J
ft_LK 110
IHt_K L20
]HI.K 13¢.)
I )_t_K Lz_()
(BLK IbO

I_LK 16()
IBLK I lO
IHI_K [vJO
IHLK 190
I_, L K 200

IBLK 2__10
Ip, I K 2_20
F141. K 230
THI.K 240

IHLK 250
I_LK 2_()
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_'t_-_ P'REDICTION OF CREEP IN

h-_VMETALLI C TPS PANELS

PHASE III
SUMMARYREPORT

NAS-1-11774

NRt'I\I : !
(;lJ T{) 5(1

71,) ,'(I+l) : L I.
C .... I BI 1EttP,IL/_ 11 llr, I

t./ = L:. I- ,,li _:: t._,
IF(F_X.FUol . ) utl 11) t+0 ..
LI = FR_( ,:, (J'(LLh,lf)- FILL)}+ r{,./_}
LZ = LZ +i

Z2 = FRX ':-" (I'(t_Z+,,IY')- I'('_/_))+ ri,.__i
Z FI4ACT;¢ (Z2 - Z] } + Zl
GF1 _11 19,3

40 Z = F,tACT* ITILZ+NY+i) - TILZ+NY)} + rILZ+NY)
C,O i'r) tSr)

C .... BASIC SEARCH RI.)UTINE tJSll_lt, HALVING TECHNIUUE
'..Jr) CflN[ ]N,)E

C .... TFST 1F II,II}EPE_g)ENr Vt@tIABLE EXCEEDS BOUNDS
IF (V6.,R.l._.Fll.iJ)) ,lt.I r_l _,)
LL = L_t - i
IF (IEX.(;I'.O) VA,4 = r(ul)
(;(] lCI 70 ....

ht) IF (VAR.(;_.i'|LI.]),_1),'_J 80

IF { IEX.(;l.n) VAR = TILLI
7_I I E = i

Gt) Tr] l_f)
C .... ri_sf I; S4vEIJ'I.,JI)eK [ _, qli'Hlkl I'ABI._ i'}_)tJ._F)S

Hn LI.S = r4AX()II_INI)ILLS,LIJ),I.L)

]F (i.'.S.,;r.i_i) LLS = . i S-].
LK. = r'IIi'IIJ(LLS+2,LUI

IF (VA'4-i'{i. LS)) L20,ILO,9_)

qn IF (VAR-T(I_LS+I ],i _[h,[[O,]O0
lr),) IF (I., S._IJ.,.¢,) GO iU 1.31)

LLS = I.LS+] ....
(:,ll rtl _u

llC) t_L = LI.S
,31) r(] LHO

12.0 LU = LLS ......
(;I) rl) 14t)

13h LI. = LLS+I
16,f) IF (L!J-i.L.i-}i}.i) Gii ftl i81)

VIII) : (i. tt + LI. }12,

I) - VA._, - f(,4]l))
IF (_l lSO,]7o,16n

l'->(i LII = _411i
(_11 l(l 1.4()

1,5(l LI. = ,411)
(;l) ]fJ 1.60

17U I_1 = r.l II)
lvln Olin II NiJE

t:u.Acr =(V4P.- i'ILL)}/ Irl,.L÷I)- fiLl.)i
IF (r, IR/N) lfl,lCi,3n

IqB R E I'IIR_',)

_NI)
SIIBRFllJI'i,'I( [I'T,_IJ_I(C , i)

IY t XI , E , i_ITIME
2SF_,ANE , [H_TA_ , SfP,_.S_. , YN(%

3 NSECT , IICiJN )

fJ l ,'4 EN S I I),_l C.(4) , il(4)
l Y,klt( lOl , A(_,()I
I)IWIENSIIi,_i SFR-S(IIo,r,i) , SI't&N_2ILO,/-}O) i EILO,BI))

, N,_IR_A , X4ih'l , IBAR,
, A , D_X , OY
, i , I(_ll)l'r:l). , ,ll'C{il_l

, X41J,41I([i , Yl'bl) l
, FI.iRC_ E 160 i

I t'l,I. K .)/il
I ttI. K 2lt()
lt4i K _.')l)
I I_I_K 31)1)
I:li it _l_i
II_I_K 37(i

I _tl K .'_.}l)
IHLK __4ij
I BI. K. 5)0
IBLK 360
IBLK $(0
IBLK 3_10
[BLK :190

IRLK 4(JO
IBLK 6tO
1BLK 42O
ftiLK 4.1()
I FtI.K ¢_-(J
IHI.K 4_i)
lliL K k60
IBLK 4If)
I BLK 4_0
I-R L K 49()
IBLK 5tl_)
14t. K _L_}
litLK b2.0
i_iL K __51)
IBLK '._40

I ttl_ K. bS0
IHLK bOO

lhI.K 570
-|81.K b t:i ('}
IttlK _Y()
1BLK 600
[ISLK ') I. f]
IHLK 620
It-iLK t:,30
IBI_K 640

Tr, I K ._bO
IFI L K 06()
I ttt_K 8 t'(]
18LK 68(}
ltti K. (}Y()
IBIK (()()

IbL v-, (L()
TBLK 120
iB L I<, l.tu
IBLK 74O

I_I__ /bO
IRI_K 760
[tl_l K. _' /,j

I liP1 l_)
I 1 Ivi 20
I I t _,'l 5{)

| f f n q}
i I I IM ')1)

I I I1¢1 0(}
1 I In I()
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rr ED'CT,ON, OFCREEP,N
_,_ METALLIC TPS PANELS

PHASE III

SUMMARYREPORT
NAS-1-11774

i IH_. T_F( ;)o_ L,) } J J Irl ,t_)

C .... [t-II% _,lj,_,l)lll" I'_lt.: ._ll,.V_ ; }lJ,{ I:.L&S[ [_, Sl" {_SS /_'_') "_{',_,A['q t)[ ¢)l'#,|l_lJl" ilJ_l_L I it'l L{)l)
IF{ I fCi}_'!.FLt. I Jl;!l 1(I lt)
IF{ 1'1_)(_ :L).'''lo').'_''lt).lt()). _':.;)..A-_I,).I){ 3),-I_,t),,_'l').t3((+), ;'._,O,)

1(;11 111 l fl
¢;¢1 f 0 6¢)

IO I){1 3(J ,q::l tNTIME
i)r] 2,) ,l:t,,q_%P.!A_
STRESE(M,J) = XMI/H{N)_I-'(YHBR- Y{,JIJ/XI

3(.1 CI)N lllqllE .......

{)(I 5(/ K=L,N([4_
YNA{ K )= YI4AR -

5(I /HE[A_.[ | tK ) : {X._l)'_(_,);:q'))( ]/{ _( K_ ].)_[ )
{;fl T¢) 22r)

r.)() I)[} ?l) {=]._tq[|,_

70 THETAF(I_K)=(..X/4LIM(KI_DX)f(F.(K,NSECTJ*X[)

BO YNA(M }=YB4R
F l = () .(]

9r) TI.TTF = O.O
XM = O .()
l)f) 12fl ,)=L,NAR, E_
hfR4'_(_,,I ) = ( Y,.14(;4 _ - _(.I) )_FH_-T4_{ [,,_1)/')(
,% TP.k_E{ M,.I ) = S-IR/_'_[E{ _"1,,I }:;{E(M_J }
F(]RCE;.(.I] = S*'RESEI_,I):*.:,_I.J]
IF(I.F_u.3) Gr3 TO llO

11(1 C(ll_tf INglE

120 rlllF = [r)lF + F[IRCE_:(,J}
IF(FIIlF.,.I'.¢I.O._NU.FI.,;r.I).O) I;{J ,'LJ t_.O
IF{ II)IF.f;I.(I.O.ANI).FI.LT.O.f)} GO TO 160

Y_ = Y,q_['1 ).r( I'UTF. T.O.{')} YNA(/4}= YNA(M) + OY
IF(FIIT;.(;T.(].O) Y',I_{_I) = YNA(.4) -l]f

IFITflTF.EQ.O.C)) 60 T() 150 ._
Fl F(}T_
f;rl T[) qr)

14() Y,_IA{_i) = Y,,_,_{.I} (A_.',_,(i',.il_:)_'-(i,_la.(,_)- fl)ll(A_3S(rd1F)
lbl) I)11 lhh K=I,NAREA

srRA,q;_(*I,z,) = iY,qAk_) - iiK)),rH_re.li,.,ll/ox
STRESF{M,K) = STRANE(M,K}*E(_'4_K}

F[)RC.F-_'(K ) - SI'RES;(_'II_)¢A( ( )
|6,) Xf.1 = X,,i + A_IS{FIIRcE-_E,-.)_;:(YNA{_v_} - Y{_,)))

¢{)L = A_c,(x"i - X,4Ll,,i(,4lll,g,.l_),'q(,'l)

IF(h_S(T_}L).I.r..F)I) {;U TU 17{)
FHETAE(],.i) = IHETAEI[_,I):'.((X_II}M{_4)//,_vI)
(;I] TII _}O

II_) IF(,'_FCI),q._u.I.) I;I) rl) tg_)
| H(I CiIN TII',',JF

i;ll f_ 224
190 I)/) 2If) M=2_NTIP'IE . .

I)O 2O0 _xl= I. ,,_IA_,E_,
YNA(M ) = YNA( I.)

SFRAN_(M,N } = SFRA,q_( l,'I )_(,41),4(;_1}/X-'104(I)

_STRESE{M_N} = STRESE(I_N)_XMUM(M)/XMf)M|I)
'.)()o I HE[AE{ I ,"i ) r HE I AF. { [ , t )_::KN_I}"_{,'i)/ ('_It),i( I.l
?10 CrlN TI NtlE
2_.fl RE fllRN

÷ ABS(FI) )

i I I_,_ 11()

1 11,,l 1-_()

[ I IM 1_)(}

I I I}'_ I.¢_()
1 11d,i l/(}
I II_,_ k_()
1 11I"I 190
I 1 I M "200
1 IIM 2It)
l I I,"_ 22O
I 111,,I 23O
I I IP1 2_4()
I 1 Tr'q 250
I "1 l _v_ 2".k} 0
I IIM 2(0
I [lt't 2.4()
I t Ii_l 290

I I i,t 300
TIM 31(1

I I_1 _i7.(l
lli_ 330
I [M _441)
[1M 3_0
I TM 360

1lvl 370
i 1 r,i _90
11 t4 400
I ll'i _[()
1"TI_ 420
I 1M L'I.J 0

r FM _/-_
I IM 450

1[14 408
I lt,| 4/[)

i in g,_(,)
"I Iri _00
I [_,_ '5lll
[1_ 520
]1 I1"1 5 3(1

1 I,'I 5 4-0
[ ln b50
IIM bhO
I17_ '_ It)
lll_i 5H(]

IIM 590
TIM 600
] [M 6[{1
rt r_ 6zo
I I J,l 650
1 T n d) _1)
[ [v"l _bO
TIM 660

IM _lO
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_"#P-REDICTION OF CREEP IN

W_METALLIC TPS PANELS

PHASE III

SUMMARY REPORT

NAS-1-11774

S!IHI4rIIJTINE (III]PU]( II\I)(;F I , 1S , 1t_ t NRIlt , PI ]CH ,
|R]_I':LI; . ')(P(H , ";. 1 '401'4 , ;L_.r t _)_;_ _ #11[CIJ+'_ v
2]ZEE , NZEE , /IJ1_,)l , /PNt-I)2 + ZE_SF , Zt-PSFt , Zr.'EFF ,
311-1-FP[ , XI I;1''4 ,_ I,,+_i_,) , _,t,xl) , "_'J[O , l_l,)'_tl,) , [,11)SdP +
4AI-EN , I)XIIMF , HI<CSS , IH,,IP _ ×P_,IIIT , i_ll,'It , ,ISI'A[ t

5_IEFLE , ,xltl.1,;Y_ , (+;t;L; I),:l=_ , ,4,_t_t_ , t , L-:SP ,
OAM | , Aft? , h(_ ] t A_'I4t A _15 _ IIII)_L/_ y_J.SIl_,blq,IJL(JAI),

7 X] , Y"_4R , Z y P&,'IW[I) , I)-_rZLlt ,[*',I.:Y-,_ , .

HIT[HE , lF_(.)l_lP , 11NIP , llJlI,il:iN , ILOAO L IEUNST)#;_INI'X
LJI,'4ENSII)N OXi'l.'l_ (I0) , #_,,-'SS { LO) _ l'6'IP [10) t (LO)

l KCYCLE (10} , Y (60} ,Z175) , PL{,tAD(I(.))

I)I_ISNSICI,_ +)_;I [ ].f),}._)) , t)_i':t._ { iO+tO) t I]_1":1.[+_1(10+[0)
DIMENSItJII RESP| I0,60,10), PSTRAN(lOt6OtlO) _

PLA_II]'_(LO,LO) + l+'i,{T+"ll}l_{ ].(), [O )
1Ci},,_lllir, I Pl. A_-'I[ _+ , PR Tt,'It)r,1, [ r,,I[)PL A

WRT IE ( 6,719n )
WRI FE( 6, t3m) )&,,,I } ,h'_?, '_,,13, h.,-l_+, A,'.t5
I';(] [(I ! IO ,3(} ,5() ,70 }, [NDGEU

tO IF{ Ii31,-4E,',I.EO.O)(;(J r)'.) _O
WRITEI/-,,22or)) TS,TR,NRIB,PITCH,RIBFLG,OEPTH, _

O(J I(J BO

YHAR= yF_ A p. }::2 , 54
WRIF_ts,I3L,)) IS, 1,{ ,,I { [ .-_, P [ ( Crl, _ [ ,'_TLL;, O_P i" rI

tXI , y _.4 _,
G+} r{i ,_

3n IF( lf+]_IEN.E(,)oO)GO TO 4.0
Wn, IFE (6,2210 ) (S,IC,N_g'{,i)[rCH,;Lb.r,_oG_PHICLIR, I)_PI'H_

1 x I,Y_tA_.
(.;(I fll _,.%

4(} X I = x I ,;,P.54*2.54+'2.54:::2.54
YF_ A R = Y 4 A._::,2. b"+

_'_RI lE(6,L32<)} FS,TC,NCCIR,PI TCH,FLAT,EI)GE,PHICQ._,I)EPTH,

IXl ,YHA4

50 IF([o[,_'_}.(0.O) GLJ rlJ 6{)
WRI l+ ( 6,2220 ) TS,TZEE,NZEE,PITCH,ZPNEDI,ZPNEI)2,1JEPTH_ZEFZSF,

l Z_ES= 1 ,/_E Er:_:, ZE E,:F L,

2Xl, Y_Z_,_ ...
GI-J f(.l Hn

hn X I = X I _2.54_,2.54_2.54::,2.54

WRI T_ { h,] 3-_h } IS_'IZF-'E,NZEE,PI TCH ZPNEDI_ZPIXtEI)2_I)EPrH'+ZEESF,
i Z_._.S : l , __;_E F'-:,ZE E # r:{,

2XI , YI_AR
(;D I II HI')

7O CU"_ II_HIE
H,.) IF(ll)],4_,t.__,l.r)) (.;,} rt] '-)0

WRI TE(_,2230) XL(;TH,PAItW[I)
(;('} [11 L(} +)
WRI TE(6,1340} XI. GTH,PANWIO

C{}Nr INiJE
IF(INI),ID.E(-J.O) GO TO 150
IF(RRAI).,;I'.O.()) t;I) ll) |ll)
WRI TF_ ( 6,2240 )
GO ro t20

90
100

()l) IP 1(}
LIU IP Z()
tllJ IH 51)
I)t} IV m)
IlII I) ) bU
LJll I; hi)
tJtJ [I -) ((}
UlJ IP d_)
UIJ I1-' '-.)O

, LJU I P L()t)
LJLJ I P 11 (')
tillIP [20
UU IP l 30
L)H I1-.' [40
UtJ IP lbO
UIJ IP tS()
()tJ IP 1 (l)
()tJ IP ].4(}
UU iF' 1'-,)O
Ut} IP 200
{]tJ IY 2 lo
flurv zz()
tit)IP 23()
lllJ T_ 2 40
{HIIv 25+)
UI) I P 200
UIJ [P 2YO
UL) IP 2_0

[IU IP _'-.)()
UU IP 300
[]lJ IP 310
UIJ IF' 320
(JtJlV 3clO
UU lP 34(}
I.}IJ IP 350
t)_) IP 36f)
lltJ lP 3to

(}O iP _,_()
tit) ]P 39O
IJtJ IP _00
[JtJ IP 4IO
IJlJ IP +20
till IP 43o
Iil) IP +g()
(}tJ IP 450
tJtl Iv 400
lJtJ IP 41()
IiIitP 4d()
ULJ IP 490

litJ IP b{)(J
t}lJ IP 5 10
tiLl I# "J2(1
UU IP 5 30
IJU I P b 40

OLJTP bSO
I.)UIP 560
IJLIIP bTO

uUTP b_I)
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(qWw._ .._ _ PHASE III
SUMMARY REPORT

NAS-1-11774

IL() NRIfE ( 6,22. b() )
1.2() li:( It)IHEN.EU.O}GO T(I t30

w_|rl-(_q)_)) _RAI)tii, W[t)
(;il TO L40

l'4(I qi.tl('_( 4,1_bql 1"4_,tAIl_t6_.l{ll
141i CfJl_l lll'lilE
l'-,ll HRIf{ 1 5,2)_Ir) )

It:( |_'il))-)LA.EU.OIG{} Ill 22(I
W_l rE{ _>,l #,><,)
WRI IF_'(h,2 i 90 )

W_.IfE(6,I._/O)
IF( Ii)lMEc\l. Et.).O)t;{) TO 1.70

WRI rE( 4,L3HO )
WRI IElf_,l?)O) (XPRINTIN),N=i)NSTAT)

fir l F E( (,, 14(10 )
flu lh() r,i=] ,NTIME
W_t I I" F( _, L4 I("l )_)XI" I_'l:.( ,'4 ) ) ( _J'<f_lt),4( I ,"4 ), [ = L ,tqs( _ r)

1 4o CF))_! ll I_.IiJE
QI I'(') ).I()

I7(.) CiIN ill,l()E
I)ll 1. _lf) :_1-- l ,,',IS I" A 1

18(i XPR I_\II( i,li=XPR IN T( N ),2.54
)./i4 ! rE( _,, L42(/)
wRI IE(_, l.]'-JO I' ( XPRII'4T(_xl ),N=I iNS TAII
,_114l FE( 4, t'+3o )
I)(I 2r)(i M--I ,NIIME
Dll lCJr) I : ]. ,,,lc, i" A T

lLjf) PR IM))M{ I ,M )=Pi4 IMIJM( I ,H )*.4536"2.$4 .....
2f)f) IVRI "Iz( A, [4 I0 )OXFIM_IM),{ P)4T,vI(}_( I ,H ),I=L,,_ISCAlr "

21(} CiI£,IIII\HJE
(;fl fll _45(I

220 Cf},,I Tlt,ltlP
IFI l)_lllLrt_).Eci.k ) (;{J I'U 240
WRI IE ( e,,221-I0 }
I):1 INI)S)IP.HIO.L ) Gi) rt) 230
WRI IF7 ( 6,2290 )
f;ll r(I 35f)

2I() WRI IE ( _,,23(1¢) )
t;rl rrl ;l'-)r)

24() IF( II) IHE_,I.E().OI(DU TO 250
_4ht I rl'7( h, [IGl) )A).(N
I_,)i I-U )/")1)

250 WR I rE( 6, l,+b(} )ALEN

,,IR I FE( _,, t/+_:) I
IF(J lI,_li_.Eo.f)) (7) l(l 270
,,,Ibt I I'FI _, Iq. lO )
(;I) ]i} 7ell)

2#_) ,,,1_ I l El 4,1'+80 )
2_t() CC)i,l TI NIlE

I;( [i. llAi)o_t.)./). )t;t) I'{) )__90
HHI IE(4,14cJ())

(.;f) r(} 31,)
2L)() WRI TE(4,1500)

f)O "_r)o t_+. = 1. ,,Mr IME
_f)O PLOAI)(LL }=PLIiAFiILL )*o453b9

_,t)) c, rINI" li'.ltlE
IF( IINTP.EO.O'IGI} Ill 320
W_tl rE( r-J,1.51.0 )

IllJ IP bgq)
I.)lJ IP b()O

IJlJ IP 6Lo
IJIJ|P 6_1}
ill)17 b5()

IJlJ II -j 6)40
l)lJlP h)f)

tJlJ IP 661}
tilJ-IP 4 Ir)

Oil IP 6_(i
lJU lP 690
UU I'P 700
lJl.J IP /I.()
I)U IP 120
UIJ IP / -40

IJtJ IP 740
IJtl Iv (')o
tJlJ "Ifb 16fJ
till Iv i"ill
UU Iv> #UO

IILJlP i)Yi)
(ill #P I:l()()
IJlJ IH 81.0
{ItJl) j U20
IlLI i'P dJi)
/JlJ |P tt4t)
till IP 4hi)
tJUIP _OI)
{ill IP d((}
{}lJ I-P' fJSC)

IitJ i'P ,'JVt)
IJlJ IP 900
liti tP '-tt(I

t)t} IP 930
UI.JIP 94U

O{J IP 9($()
III.J IP V/l)
UIJI) _ 9_()

IJll II j ")_71)
LJlJ It" lOO(}
IllJ IP[()I.(I
fill IF' l ()2i)

tltl 1¢1,'1_i(I
Itlj I-PlO40
llil [i ) lflbO
Ill]iv ) 1 fJf)O
(JU IP l'.J (1)
Oil fP I i)l_O
IIIJ It ,-)i()_fj
{Jl;] I V I 1 Oil
utJ iPitt()
or) TP 112(J
IJlJ [P i [ _t()
UUIPI 1 40
Ut] IPl lb()
UU IPI I_O
IJtJ IPl}./()
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_"fP'REDICTION OF CREEP IN

_/;'_METALLIC TPS PANELS

PHASE !11
SUMMARYREPORT

NAS-1-11774

I;11 I"l ) .'_ "_=)
"_)_l Wql ]k(f-,,l')2*))
J'_fl _fl',lt" 1",1'1,=

_,'IR[ Ik( h, ] b q))
,',I'R ] r_:( h,,, I _,,.i1 j,),KI I4 :( 1 ) ,,-' .,t,_ll( 1 ) , f -_"4; ( t )
IF( ,,t I],dF.F!).} ) (;11 1tl 4,'_.f}

_4_ I rF_{ t,. ? .] _.rl )( .)x r 1,4E( 4-1 ) ,.)K( 1,4E( ,_ ), #,jlr}o (,q I , (_,4P (41 , 4=,t. ,._1( [_,1 _.}

34() (](14 tl,,lllE
G[1 [1t 430

350 CFhq )|NILE
WRITE(6,IkF>I))
IF(ITI4E.EIJ.O) Gt) It) 360
WRI rE( (_, 1470)
(;r] Tf} 370 --

360 _tRIFE(6. I4m))
310 CfIN T l N!)E ' , ....

IF([LFIAt).;_(J.O) GU FU ]HO
WRI TF(6,155O1
G(I rl) qoo

._HO HR,[ TF(_,,I560}
IHI 39!) I.L = i ,'q f'l,4_

390 PR_SS(I.I_ )=PRFSSILL )*6896.8
400 {2(1_',11"IdtJ __

IF(llrqlP.ErJ.(}) GO T{J 61.0
WRIFE(_, tSin)
(:,i1 lil 62_0

4L() v,IR I I" E( 6, I57. r) )
420 CO,_ "l 1 klUE

WRI fF_ (_. tS"/q ) IM'_WRITE (,. 1540 )[)XTI [ 1 ).PRES_[ l ) _ TE-NP( 1 }
I F( ,q f I.-i_ ._i. t }_ilJ 630
WIRI TE(6,2.3301(OXTI_lE(N-I ),DXTIME(N),PRESS|N),I'EMP{N)tN='2,NTIt4E)

430 cf11\lr It_LIE
WRI 1l=[4,2L90 ) ...
Ni41 [_(_,[Sm) )

iVRI TF(6,15VO}Z(I ) ,.
IF( Z(2 .__(.).().),;I) fi} 4_h

WRI 1F(;-,,lh_ln)Z(2)
44f1 CI)_\![ ]lqll_

IF-( Z( 3 .E_J.O. )(,I] lO 45(1
WRI FI_( h, }4|() )7{ ])

45Q Cll;,lTIf',IIIF -.

IF(l(4 ._,.).0.),;,I fli 4,_0
NRI IE(4,1620)Z(4

460 ?.flNI"INiJE
IF( Z( 5 .Erj.n. )(:,l) TI) 41o . .
_R I re{ _, t63o )Z( 5

.47(/ CfhXl IINtJE
IF(Z(6 ._,J.O.),;*) f() k'l,O

WR[ I F ( z-,, l (-,4() }Z ( 6 )
44r) C(!i_:Fl,qll_

IF( Z( ¢ .E(J.O. )Gfl TL) 490

WRIfE( 6_thbO)Z( 7
490 C()N TIEIIIE

IF(Z(_).-O.O.)_;IJ I'i] '5)0
WRI IE(t_,ISOO)Z(_}

b,)a) CIH4[ INtIE
IFiZig).E(J.O.)(;[) Ill 510
WR 1 rE( 6, t_YO )Z( 9

Ill) It' I [ ',1)
I.ql I,' 1 [,v(i
Lltl It' [ 2,)()
ULt IV l 2 1()
Illl I +'_[,_/')

III] It ) J /q{)
IIU I1-' [ P_b()
Jill IP ] 2,)()
ill) IVl//O
UtJ I _' [ 2_._()

....... tJtJ It-' l ZVI)
UU IP [ 300
OlJ [P I 3[0
IJtJ [P [ 5ZfJ
Utl lip I 3]0
lilt IP [ 341)
UIJ IP l 3b()
UIJ I_ I $'_(J

.. UIIIP] 3/0
tllJ I_'1 3H()
IltJ Iv l Z_gt)
{iLl IP '1.400
IJU 1P 1 4t0
(Itl |0 142_0
IJll [I-' 1 471)
UlJ I'P 144()
UU I,p 14bo
IJlJ IP 1 4blJ
ul# rPl 470
UU I# [4_JO
UlJ IP I 490
tltl IP l'JOfi
tJU1Plb[O
[Jij[P [ _(.)
IJtl IP lb 3(1
IJU i P t 5 40
IJl.I IP} 55Q
UiJ IP [")6()
UIJ IF'lb Ill
IJlJ IPlb4(i
[llJ 1HI 590
I.ItJ 12 l ,':,r)l)
Uti 1P 1 ,b If)
IJfl Ip 1 _j,2___)
(ill IP ]h $(1
Utl IH l _/+(I
UU IP l oS(i

LiLJ IP [_hO
IllJ IlJlh 1()
UtJ I P [ o,']l)
ULI [l" [ 69l)
lJl.J rvi I'q)(.)
lllJ IPillli
iliJ IPt I,tO
UlJ IPll30
lill If [/'40
{ItJ IPiTbO
UU [P I ((:'()

z

_L
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_7°- PREDICTION OF CREEP IN
--_'_'5"METALLIC TPS PANELS

PHASE III

SUMMARY REPORT
NAS-I-11774

b['} C,INI']N,I+-
IF( Z(l,) ).F.(j.().}GII T() 520
,4RIFE(h.,I6Hq)Z(IO)

5P__,')CfIN I|NIJI!
IF(/( I t )._+l.f).).',tl fit ', _, )
Wl'41 Fl-(,',,lhUf+ Z( I] )

i.)_+) It)N( [vhJ!i
If-(/( 12).1:(,).0, )L,U T(J 54()

WRt rf( _, [ /()_) L(12
54() CfI:'J IINIJP

IFIZII3i._(.).o.)t;U I'tl 55f)
W411E(6,1 IIO Z(13

bSo Cll.4r INtJF_"
IF(ZI 141.f_(_).O. IGU Ill 560
wr I rF_{6, t#';.o Z{14

560 CfJ'\i Tll',llJl_-
I t2( Z( l _ ) ._f.l.f). )(_,11 I'lJ i l()
WRI ]F[6.173(I #i"_( 15

hi;) Cil_F I,\I_IL
IF( Z( I6).Eo.o. }(;LiIt) 5B()
i,!Rlr_7(h,L740 7( 16

580 C()_..iTINiJE
IFIZ(ll)._(J._).}_() FU 590
t,JIKIIf_(6,1750 Z( I7

bg() Cf))',tl I_'liit{
IF( Z( t}4 ).F_(,I.(I. )(;(I TI) _()0
W,4l f,:(_, i.7_+I Z(lli

600 CI),'_'lllmlE
IF(/.llg)._(J.(). )_,i.lfl] St!]
birl li-:(4, I llo )Z(I")

IF( 7(;.',l).Ei;.o. )GU Tll f,20
wR I f_( ".,,l/li,i)Z(2i)

_2r) Cll,'J II,\,qlE
IF(Z(?I ).-7O.0. )k,{'i_'()'-,30
WRI I#! 4,179r)}Z(21

_3() F.ftgl Ip,l,i_
IF( Z( _' }.ig.).O. I(,0 TO 64('1

W,J,I r F 4, tam) )z( ;7_P.
640 Cf)xi 1 ] Nile

IV:l/( _).Elj.rl.),;_lt i'll 5b()
WRI IE '->,iSilrlZ(231

650 C()l\If I,Xl'l_
IF( 7( 4).EO._). )(j(.I li) 66o

lqRlfl _ (_,[H21) /.(24
660 Ci)"t lll,!lit-

IF{ /( 5).,-7,'.J.{).},,(i r,i _r<)
NiRl It _,IH.30 Z(7_5

hT() Clli,lr lr,I,JE
li:(Z(P",J.Ef).f), l<.iO TO hHO
','JRI rE 6, IH40 Z( 26

6_0 C,/,,l T] I,Itjl{
IF( Z( 27 ).c_i.)._'_.)till Ftl 590
WR[ 1t7(6,1850 Z(27

69,r) CrlNF INIJF_-
IF( ZI 28 i.EO.¢), l(;() TO 7()0
W_t llE( 6, I.H60 _(2H

700 CONTINiJF
[F(ZI2'V).50.O. ),;U l'lj ll()

Ilil Iv'] t(l)
UIJ ]P ] ti';I,I
IJlJ IOL (9_i
IItJ li j l 8l)l)
IItJ I_>1 I1,)
Illi IP Its)l)
illJ I? 13 .$.)
(Jtj li-']iri4(J
litJ IP ] 3TJ()
()lJ IP l ;,_O(i
lJtJIPI_(O
tJU I P l t-JHI)
IJtJ IPI49(J
(JU IP 1900

UU {P I'-)l.O
tllJ]P1920

IJlj I # ['-.) 3()
llll I I'J I <'-_40

lit{ I P 1 .)':)f)
IJIJ Iv 190()
LIIJ Io i<-)(()
flu IPigdi)
UU I_ I'-)V()
/)lJ [P2000
IJtl I O2'(i[1)
t{ll I t__.(J2.(i
IJtl 1#2{I ciCI
dll I P 2.() 41)
IJLJ t tJ 7l)") [I

[ItJ lP7Ohl)
lltJIi.JX()l,)
tl!,J IP 2f)HO
UIJ I P/t)gt)
tJlJ ]t_ 2 [0()

tJl.J I;2I [,)

UII ]i p 2_] _(_
IJtJ {iJ_ [ _lt}

(Jtl IP2140
ilt.i I v' / I. °J_l
tltJ IP 2.1 _50
I,IlJ 1921. /_)
Hll ]l-' 21 Is{)
tlti tP ? I._¢)
lilt I t_;>,;7(1()
titii;2,71.()

Lltt I i'l 7 ,_. Jt t

I.ill I F'2 P._,()
till IPpzb()
tltJ ]P 22_b()
iJlJ II-'2_2ll)
(iU [P2_60
UtJ I P 2 _.,-)(.i
iJIj IP 2__$()(l
iJtJ IP731. f)
ULJ fP 7 320
UII lP253()
LIU IP2 34()
UU 1P235_)

C-28

MCDONNELL DOUGLA!; ASTRONAUTICS COMPANY - EAST



PHASE III

SUMMARY REPORT

NAS-I-11774

/I,)

/Jr)

13f)

74o

751)

771}

1-1_}

19c)

)400

H tO

I-,I) ( I

/431}

H41)

Hbf)

HA, fl

,q7 r)

r4L)O

900

r.,li lINt r-
[_:(l(_])._l.,).),;,* :,l ?__,l
vIRI IF|_, IH_fi)T{ 31))
,ill";( I ,I, t-:_
IF( /( 3l }.kf).¢). )(,U llJ f_l_)

ElJr _] ] J ;"," Jl:.

IF( 7( ?),_u,(), )(;il (IJ (_n
'_..IRll: 6,1'-;UO Z( 32

C()N [ l,qlJ_
IF( Z(33).E(.I.r). )(;t} TO 750
Wit [E(_,,lqln Z(.)3
C(}_l TI N_IE
[F( Z( 3/+ ).6fO.O. )t;I) rt} /'f)o

Cl)_qr ] Ixll IE
IF( Z( :3 "=,).E'-).O. )(;I) TI] 770

'.,'JR IF_'(6, 1'-)31} Z{ 3b
Cf_),_il I NIJE

IF{I{ 6).E(J.O.)t;I} fl} IF_()
WR IF ,<.-,,IC)4r)Z(36
CII\If I "l!J'"
IF( Z( :t! ).EfJ.(}. )t;fl T(! 790
_,IR r_( _, 1#b¢} Z( 31
Crl.I II tm It-
[F(/( t_l}.Er.i,(),)!;i] FI) _00
lqRl lEl,'-,,19bO Z( 3vl
C [l,..i( ].Ni J_
.IF( 71 39 ).l7.'_'J.n.)GI) ll} 8LO
wRIFF_" ,_,19/cI Z139
C l},,i11 f,!_iE
IF(Z(4.nI.E(J.f). )(;li i'lJ i21")

i.IRl IP(_.19i'If) Z( 40
C (I,,_ r l ,_1!IE
IF( 7.(4l I.E(.).O. )(;0 ll} ft3i')
WRI fF{ ,5,[990 Z{4[

C(ll.l 1 I{'l!J _
[t=(Z('+Ti._u.n.)_;I] ([J #4t)
WI'_[ It:(hl20('lf) Z(/(._

C f),xl I" I 'liJ_
IF( /(4:I).F.(.).Cl. )(;I) TIJ 850

_,lp, lr_( _,2. r)l¢l Z(43
CO',! l I r'!'Jl:-

WR[ IF_(_,,2q2()]Z(44
C. tit,ll" ] 41J__

IF(Z(6)}.I':'i.O.) OlJ TU _-/O
WiR[ rE( /-,,)el3() )Zl4b
CIJr4 IINIIF
IF( I i" [ .IF,_J,O)GiJ (iJ 4.t0
WR[ IF{(6,21140 }

Gr) fO H90
WR I [_( h _2050 }

Cf)klr I,xl_JE
IF(IF(JNTI.".EO.O)G[) TIJ 900

wRirE(6,7ooo)
GI} TI} 9lo
WR 11"E( _, 2r)7_) )
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[F(II-cl,q%T.l.:fJ.,') }l;rl TI) 9)(I

(;ll I_! 9L"b_
')-Ip I t,tK J rt-( ht)l)9,1 )

94,) [ti'll It':ill-
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I.li,_l tFl'_.)+,+f)l
IF( 11"[ 41:.{[i.#))r_,ll III 91f)
t.IRI IF(G,2_hO) IXIJRli_III+kiI_i'I:ItNSTAT } ..
+30 rl) _50
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97(1 CIbl 1 | IxltJt7
t4_tI r E(6,ztt,))
IF( I TI',IE.E(.).OI(;O 1{I 91:10
_,/Rll'h{ 6+23b0} {XPR[Nf[N}t,'4 |tNSFA[ )

I.)11 ]()()f9 t,l=l ,t,isral
i)pl=l F{ ,4_ _{)=O_;I._{14il,,I ).;:)o'-,4

I )l)l} Ct')i,l+[[l\ilJE
loin) CII_'tI" l NIA_

i)f} 1()2+) i_4=l,NT[f4E
<,li41 r 5{ ,'-,i ). _,(_cl )l)× i- 1_,1_ l ,4 ) , { ,)¢..: .{( i,1vi_l ) i.,i= t 14Si" _, [)

102() C[l",iTIi_itlE
Ifl_,() C¢}lqi"ll_llJ_

If:( [_XllJEl_h.t{(.).} ) REtLJRN
I;([_)¢.'(¢_.,-_<.i.f)) tDl_l I'I} tl(l,)
IF( lliI+.4kkt.{O.O}Gf] Tf) lObO
',1,4 1 r _-( +, __t Zc) )
_,ll( I 1t-J( _,7 } 311 l ( XP_t [ NT( f_i ] ,i_{= 1 ,NS ]h T}
i)li 1(140 ,4=l,,Xtl + l'+l_
;,_it I i"t-{ _,, ? }40 } I)×ll f.1{( _1 ), I I)F_FL I N( N _N } _N= I _$TA ] I

lli41) CIIr_lr l,q_l_.
f_lJ 11} li)91")

I li_fl t4,t I r;( _,,7 l_i) )
W+4I II_(',,21"]0) (XPt4]t41(NI_N=I_NSr,_T}
r>+i 1,,71) ,,l=t,,xii!+_l;
t)t) ll)_,(t N=I ._,IF>I A i _
i)_-;t l ._1( ++t_,_1 )=,)-';1_ li_t( i,<lt _1} +',:? .54

1 f)6(I cIIH l ll'tjl .- +
}f) l I C.llkPl-l,\l+A_

1) } lt);.-i(I i4=l ,NTI_4E
I_/_t I f_-( f_, 2 !.4() )I)XI" [Ivl_ (+q) f( ,)i:#l. [._{( Mi.k{ )iN= } ,NSt" tt 1+}

].C)_l() Cllkll [I,llJP
},)'-)t) ?.fHr [_,,til_
llOl) CONl-IiqiJE

IF{ |I)[,4_,_I.__O.O.)GI) I't] '['LZO
WRI Ti_ ( 6,2370 )
_RIFE ( 4,23_,0 ) {J(PRINi'IN),'_I=i,NST_,T }
I)11 lifo M=l _NI)NICYC . :
t,iRlrE I _,_3m) ) Kl.'(Ct._(,4),(I)_l:l.|!_i'q),i_l=l,i'q-_l'_l" )

tl:l IP>) i'),i
IJll I _' 2'-i _+ I
I.ItJ IPd'J /')
l}ll I P' _29 ,"11)
l)_l I?,) ) /ql

II11 IP_'Jlic)()

IH.J It > 51)d. li
till I_ _ ._1) 3(I
UII IP 51)41)
(J[J I ¢ 5()_Jl)
(JlJ I'P ..4l)6f)
[JlJ Ip 50 itO
{ill IP 30t#f)
LIIJ li > _1)9()

[]tJ Ip 31()f)
LilJ I v_=lL [_}
fill It-' 31 2()
{1111 P ._ L ._1)
IJIJ li > ell 40
I_Jtl I_' $i_o
UtJ II _ _II 5<J
i+Iti Iv' _1. I<)
UU IP 31t$1)
I.Itl IP _ L'-.Jo
IJlJ lP ..42f')()
till IV' 5Z l_)
UtJ IP 5771)
IJtJ iP 5_-50
[.JlJ IP 32_ 40

[IU I_ 52hi)
UtJ Iv' _ itO
lJlj Ip 3_+ _J()
fJlJ Iv' _++s29,)
UlJ IP _ _(.)0

lJl.J I v' ._ 5 [(1
Ut/1P 53.)(}
till I P 5 J-+'Jtj
i.ilj Ip _1]gf}
t)lJ IP 55-Jr}
IjlJ IP _15(J
till IP 5Jitl)
I.JlJ IV 5 5+1()
lJtj IP 55<.t()
tiU I_,' ]ztt)iJ
dtJ It j 34[(I
IltJ Ip #42()
IJt.i {P 343()
{llJ IP .._4q()
t)lJ IP _4'_()
IJtJ IP5460
IJtJ II j34itt)
I]U i I,,-'.,'l4 v] 0
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I I 30
1 I 4r)

1 15f)
116o

! l h)
114o

I

Ihl II j D') gll
IIII IP :bbO
till IP _.'l'-jt)_)
IIIJ P _,b _ll
t11) r_ J'},ti)
i.)lJ PA'JY_)
(_ltJ P3._r)()
IILJ t_ -_ If)
till P _O
IJll IV 36 ._l)
UtJ I H -40 40
(}l_l IP 36b()
{JlJ IP _60()
IJtJ TP _6/0
UtJ IP :l_l(j
[ItJ IF JA'-.)il
t,_l.I Ip J/Ill)
iiIJ Iv' J/tO
cltJ IP_t2t)
I.JtJ IP3/30
till IP3140
Ill/]P .,47 bl)
UtJ 1t-' _/60
tJlJ IP _1 /()

fllJ IP -_/<JO
tilt IP' 5d')[)
IJlJ II _ .:f,lJ Ill
till IP Jff, 21i
[Ill IP Jff 3()
t}lllP_rJ_()
{JIJlH3Hb()
litJ fP 5,'-J6()
()tl iP _ /()
l}lJ IP _,i;-J()
Llll IH ...AH9i)
IJlJ Iv' :NO0
IllJ ]P _.'1910
[JlJ IP _'-_ 2(1
llll IP :$c.)Jl)
IJll I P' .f,'-j 4()
[.Jij IP _t95i)

UIJ IP _t') /(I
IIIJ I P ._9_()
till IP 3.'9'.-J()
ll(J It' qO(J()

tJlJ |P g-l) i(i

2 = ,13153_(,15HO[l'..:rl 1_44i;f4 = ,r:6.3,14 ],,'4 P'_()2()
,)-rlt = ,G_.'4,/H P,I,I /b3X,14tdPANF. I DEPTH = Pq-()-,40
4b"tX,41HC,\i_CtII_AI'FIJ 'llpl:.".ll" _l; [I.,I,:_tt'[.gi = ,;I.i). /',3,4 C,44:-.:4/ LJtl IPqoAtJ
553×,731iF1._S1I¢ _lt:lJ'llAA!. #_X[_ = _P_.3tTH CH /..) IJU[PA(J_f)

1371) Fr'i_t,,Aal143X,2.4tlgl@;_._ :a,:-_) ::li,4.(i.JlT,&l'lllq rPSt/63_',,124._KI4 t.;jl;_ -- , iiillp4o_l.j
IFb.6,7H CI_i 153X,Igt4CtJtA, RII(;ATII_N GAGE = IFS.Zt_,7'H Cr-I ' /53X_ IJlilPAOl(}
2;)SHNIJ,_AII, E,-t. i},= I'_1 t641 t;Ai'itt",lS : ,13/53J(,t5,-t_)liClt ,_-,,II._i',4 = ,:_.7, IIIJlP_+t)_t)
37H CM /53X,14HFi. Ar I.ErqGIH = ,F6.3,7H CM ./53X, (Jl.IlPAL,i"-)O
420HPAN__I. _l)l;i..: l._Nl;l'd = tl':6,3_lPI C_I 153Xi, 2.liHOi,441J(;Al'll.h_ Al",il;i _ = IJlJ[Pg.[(IO

5,FA..3,vIH I)E(;REESI53X,IGHV'Ai\IEI. DEPTH = ,F5.3,II-J CM I," fillIP#If,')
653X,3LHC&LCiJLAI'r]I) ,4iir'1¼Nl" il,-: [NE,4II& = ,,':lO./,6,10q-','*gl IJtllPg'120

/63_(,21),tPAN_!. EOt;E I_V.',tl;lllil
,1":5,3,7H CM /, I]l J I

_i_

C-31

MCDONNELL" DOUGLAS ASTRONAUTICS COMPANY - EAST



_L'_/REDICTION OF CR EEP IN
VMETALLIC TPS PANELS

PHASE III
SUMMARYREPORT

NAS-I-11774

7,_3x,2_>_4,.,tsric ,',1011_,_. _,S, lC,-= ,t_b.3, t',4 b4 /) IIUIP4L.$1)

13"_(I FfIRNAII4:JX,21H_ SIIFFO',II-ll ]'_S P_,IqEI.//53Xti2t-ISKIN (;A(;E = ,F5.4_ LIIJIV4]4()
IIH Cr'4 /b3X,)HZ _;ad,-." = ,;5.4,1rl C,"I /S3,,(,2:'hh',llJ_l_Ot tJr: I Sl'[t.:F_lllllP,_tL')(i
2t'_!ERS = ,13/53X,[5HVI IC.H LFtII_TH = ,I-:6.3,7t-I 04 /53X,
321tHJA.j-.+I _tj_;,..:. LA,I_,I':I% : ,r._o _9,| Aq') °;6.3, ( t "]..t /'_:_/_,
4]4HI'AriEl. IIEP]H = yFb.3, hi £.P4 /53X,P_t'HZ I-:LAN_GE LO',it;THS AT SKIN
5 ,tc5.3,5H _,'q_) ,i.:5.3,?i L]'.I 1%_,'(,2'+H#_ _=,,t_ _:l_4,,t_;E LO,i,;FHS = ,
OFS.3vblt A,,l[I tF._°3_7t1 C_ /t
753X,_,tUC,_L':II'.#_t'_') _il )*'l " ,',l l" II_: [_.J_.l'[_ = ,;tO./,6it O_14';_4/

;153X,231-1EI. AF, 11C NI:IIIRAI. AX.[S = iF5 3,7H CM /..)
13",_1 F(IR,"IAr 43)<,I..bHPA_q-L L-.'N,_(H = ,i-6.J..,lH ._t',,1 /

1,43X, |4HP_.IIEL _,_IUTH =
1 35() t=flP.4_F

[7H C._4
] "J,_O Fr)n,,,4A f
1 4 t'f) FliRI4A l[
] #qfi IcftR.IAI"
17gil FIIRf,IA ](
|4qf} FItR,IA r
l'+ [0 FIJt414A "/[
147() FI) R,"I A I"
143C) F()_ NA ][
[44t) tz fl,Ol A i"

1Fb. R,IH ]rt,]HvTS/t)
14_,) FII,i,4Af 5_X,'4()H I'i41)

1F5.?iTq C4tl)

,F6,2,7H Cl"l
53X,gH,4At)IIJS = ,d'(_.3,1H C.4

/)
53X,31H,_r4IlglR_l #4_SS_P,_ {P,.41"¢_ I)P(ILIN))'
52X,27HHE_xlIJIII(D f_II]i_IENF I)IS'I'i.41FJIJTION) ..
tlI2_X,211"H-'.Arl Si'£\ rl,),,i (I,_l::vt=:Sl)
/I 1_ ,4Ftl II4F ,gX, l f)( 75..2 ,SX }/ )
62_)<, 7H( ]ix! 1.14S ) }
I_iX,F_,.7 ,4X, 101FlO.7 I I ..
lll)._<,t-lHrt-A_VI Sf_llltlN (C4))

6(iX,lfiH'(_i4 K[t.(IS) )
$]X,_J+IH I!_t ;il[_ql Lllzlt)S , I)I.Si'_,,_IC_ ;'{iIN" SIJPPlJ.4,t'

PII(,II" i. lint)S i ,)["_l"_l'_h._ 7t, lJd- SIJPPII,41"

I 4_()
1471J
14_,)
lggf)
1 _qii
lblll
/ ">_.ti
lb$(I

l :_4¢t
' I bb!l

15_fl
I b-I'l

[ _qfl
] '-,,_()
l h_lrl

I f'_ #()
1 _'"+ ()
1 r_b()
l ¢,61J

l _>/r)

l /')_)
l 71.1)
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I t _,(i
1 14(}
17 bn
t /4()

//)
/g3x,gH_II_)I'H = ,F,).3,

SKIN/"

fU LLI&O

llJ LU&O

t':i)R;'IAi" 42X,tI/I/,IhH ,',4#_.l"TC. fll'>,Y i)41"_/)
FI1_4,"14 I 4bX,ISH lINE ( SV_OJ,li)S ) ) . .
I:I')Rt.IAF 4"J×,|")H I'li'l_ ( 4|_qlJt'_S ) )
FIIRIVlA "] 4b×,llH L(JAt) ILi_,ii
t:fl,OIAt" 4g_(_1314 l. ilAiJ (([L_JC_))
FiIRI4A 1( 4bX, 2rIH I E "iPE_,tA -IIJI4E ( DEG F )1/ )
FIIK4_,r(4_X,._IiH fE,'4P_R"_I',J(q {i)t-7-,; :()1/ )
FtIRi4A 1[ 5b×,4HII_,IE,1AX, |f)H I I)AIJ i6X,).2HMtUSPAN

I 51 x, 5H<, ra_ i ,4_, 3H&_'Oi, _Ix:, 1. [a (_,4P44 &l IJ,t-_" t / )
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icl}"4I-IA T( 52X, F] ;7, b, ] 4H ';:{ |. / TF_qP ] _:":2 )
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FI]RMAT( 52X,EI2,b,lHH _(SIRESS/1Er4P)_,2..)
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=till IP41_t()
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UtJ IP4)[t)
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IJIJIP 44 ].f)
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g<( f _.,,Ip )#_<2 )

FflIII,IAT( 52X,EI?._,IIH *( lE_IPl*;_3}
FFIR,4AF(52X,_'I2.5_I_)H #(L_,I(i'E,_IP))*,._2)
FI1RNA 1( 52X,E12.5,15H _{ L('_( TEMP ) )_''3 J
FflR,'IA J'{ I52X l--" 12.5, I Iv4 ;:%1" _._%_-':=1 ,q{ I" [Jl_ a. ) )
FIIRHIA]( 52X,EI2.b,lbH :alF,_tl-'#l.r,l(Tl_dE}) _,
Ff),a,,AAt'( 52_X,__ t_,b, I (rl .t-i"[ "IP.:;;L,_I( SI'R _.Sc_ ) )

Ff]R,'IAI( b2X,El2.5,15tl _TI_'IE:::LN( IE_P} } _
FIIR,4AF(52X,EI2.5,21H :xL,xl{StReSS)*,_.,;( r[_l_.)}
FqRV4A T{ 52X,EI2oS,I_)H X;LNI TIME )'+_LNI TF-FIp) )
FflR,ViAr{ 5)_X',EIP..5,1cIH ;:.'{LN( SC,4_SS ) )/r_.4 p)

plli<_i^l( 52X,EI2.b, 1 IH x=(I.i,ll 1 ;;dE ) )/ IEHP )
t-:IIR4AT{ 5_X,_I).b,B,tH g:( L,4(l" [,_la ) )g,( L,_I(SI'_.ESS) )7"l'd_lPI
FIII4H.4 I( b2X,EI2.5,] 3H g{rlHE;;:%IRESS )
FII_t_,IA I ( 5)_ % ,.7 1 ). _, l tit :',_f t .,I,! :_ i" _.,4 P )
F{IR_4A l( //, bfiX ,241-1WHERE. III4E = 14INt/TES )
FIIR,qAFI/I,bfIX,P4HW,17R- I'[,qE = rtIIIJ4S )
FrlR_,I^ l( 6OX,25HIEMPER^IlJRE = f)E(; F/IOOO.} ._
FIIR_4AF ( (_()X ,)hHF_,qP-_RAflI4-] = IJEL; K/t(]O0. )
FrI_t,,IAli6(iX.I2HSII4ESS = KSI } ,.
FIIR_4AF(6f)X,|2HSFv4E%S = ,'lEA)

210() FIIRMAT( 13X,qI-ITI_qEIHR} 3X,IO(F5.2,5X|/}
211._1 FIIRMAF( III[,/+,(4X,]._3i|'._RF_-_t _ [C [IJq .]tjvIPtj _-_ P,hl_lJ r i" Ri.lt;R A.41 / 5 I. ( _

126}iELASTIC I)EFI. ECIIIIN SII.qP,1ARY////23X_,2_IHBEAr,t _IAIlIIN {CH) }

P-I,_(_ FfiP,'4AI(1HL,/+qK,_>3d.TP, G-._' PP,-_)[C. f lllq _7.tI.4PUI'E4 PP, I]GP, A:4//4/(_
136HFIRSI CYCLE CRFEi j rJEFI. ECTIIIN SIIMMARY////23>{.,

221HHEA.'I SI'AIIII,\I ([,kICtt.-'S) )

2131) FIIP, MA II 1 ]4X,4tlIII,IE,gX,IO{ Fb.P_0X)/ }
214r1 Flit{MAr ( I IX,,": I..7,6X, I()( F [')."J, IX ) )
21 5_; F_Rt4A f( IHL ,4c)x, 3_tICREEP PREiiICTIIIN CI}_4PtJTEI_. PRI](IRA.N/147Xt

13AHFIRSr .;y_I__ C,R!-Tp ')E_r_']FI!IN SIJ'd'4h,4(l///g3X,
221tt_E/_4 Sf_ll(l,,i It,q) }

21_,0 FI1R'4AI'IIHI,/+cJX,3_>ri_.,tE{P P,i,,._OlCl'll)1 ,T.i),dPl.irE-.t PR'iI,;RA,41/53_,I
12414CIRE_P iIEFI_ECIII.IN SIP'INARYI/II23X,21HvI_A,4 STA_IIf)N (CH)" )

217() FIIR.'i^r(ll4l.,%')K,_3q]_,_-:P P4;{,][Cl'li.lq ,_lJ4pili'_.._ QRI.I.;.<&.4115I_(_
123HCREEP SIRAII,JS (PERCENTI//84X,hHCYCLE ,13///./25X,
221H_IEA'4 Sl'All_l.q (C4} )

2_II.11} FI_p,I.I_I{ }III,4OX_,BBI4c. P,F EP PRgl)IClllIfq Cl)_df_ill-_:R P}a,i)I;RA_,I//STX_
12#H141£SI_),I'_'. Si'REqS_S (;4PA)//,74,K,#),IC'(CL_ ,[3////2bX,
221H_FA'q SIATIIIN (C_} )

,7_1911 FfIR,4AF( IH!. ,49X,33_iZRE -_ ,,_,--_llCrltJqCli,4PtJlE-t QRLJ4P, A,,I/)
22f)(1 FIIRMIAT{43X,Z?JHRIH STIFFENE() IPS PANEL//53X,I2HSKIN (;AG_ = ,F5.4, t)lJ

17H li',IOHi'7%Ib3×,ilHi41_i ;&l;d = ,Fb.4,/H [NOetESt_3._,l/eINlJi44-_'4 OF RIBS UU
2= ,13153X,15HPITCH LENGTH = ,F6.3_IH INCHES/5_)(_2OHPANEI. EDGE LENGUH

3FH = ,P6.3_ZH INCHESIi3X,I.GHPAN_.L I)_PI'H -- ,FS.3,YH [I%JCHES/, I.JU
453X,31HCALCUI. AIEI) MIh_ENI (IF INERTIA = _FI O. 7 _ 6c!H I N**41 UU

i

553X,23HEL&SFIC. NEIJFRA,. AXIS = ,Fb.3,/H INCHES/) UU

IIII I#41/(I

Illl IP_130
IJU I v' 41 #(1
IIII liJ 415(i
IitJ I i) _i/tii)
IliJ II j_l /1)
Ill; li_ _, tdli
I.ill IP %("71J

(Itl IR _4<)sl
I111 IV 4_ lO
LIIJ IP4d_O
UU l P 4_ .t(}
UIJ Ip _t} _(}
{}11 lP 4_1 _5(I
U{J li-' 446I)
{JlJ IP4_((l
tltJ I P _,44(I
IJlJ II _ 4_9i)
IltJ I P 4'#()1)
IJlJ IP 4c) 10
IJtJ I P 4<J ,P..f}
lllj lP 4'-) 3i)
IllJ 174_40
IIII Iv _+V$1')
ijlJ I P 47(_fJ
(]11 IV 4_) 10
tit] It' kO,II)
IJU I t) 4990

lJllIP b(]O()
L}IJ 1Pbf) 1()
IJ!J l P _)() ,t'.0
IJtl Iv b I) -Ill
iJl.j I_ bl)4l)
UIJ IPb(iblJ
[jlj J P'5060
I.llJ [Pb(J li)

IJlj 1P b flL)l]
UIJ IPb [OIJ
I}lJ IPbl I_1
IJ!l limb IZO
IIII IPb I30
(JlJ I t) b t 40
(JlJ IPb ] 5()
I)1) IPb) t)f)
Ili/li>_)l/()
IJU IPb_d()
tilJ fPb [9(]
[JlJ IPb2!)(}
I.!1} IP5210
ilti Iebd2(}
IJtJ ]P52 3()
IltJ IPb24f)

feb ZbO
17526C)

IP t}2.1{}
IPb78(I

TP _ 3(jO
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PHASE III

SUMMARY REPORT

NAS-1-11774

24lll Fllt_,,"IAI'(4'4Xt);"III',,I_',I_:,LV: -A¢,:I) t,l},t,i, lJ':,4t'[tl_l I'P_//'):'I.(, l/,i'-,K[_l (.;A,_,P.' = ,p lilt
IF'.,./(., lit IN_:Ht:S/'_'4XIIMHI':IIt_,t._tlI,AIlIIN (;At;E = IFS.,_, /H_II,ICtt_Stb3X, IIII

P.._l)H'kliJ,,l,llt:-:._ II; _:,lllt.i-.{tj!;Al'[ll',lS = tl3/:_3Xl, iSH,-IIIgll I._NGflt = ,,,;6.3,,p IIU

42(IFIPANC. I _I)(-;_ I.F:NL;I II " _ IH _H6. "), /'H [,klCHESIb3X, l.Jl.]. [.xlCd_SI53"_,)_OHL:I.I_4_t.h;h,I'[IJN &lqq.;uo_ = fILl
5,F6.3,_II'] I)EI;REEg/.':,3X,_4fll ANFL DEPTH = _FS.3,YH. INCHES/,' Hll
6_i3X,_IHCg'.I:IJU. 41"_:IJ #llli'1-.'."ll" ,If': lhl_4F[ _ = ,r:.lO. /',I}H l,xl;_._.41 Illl
753X,24HEI. A_TIC _x_I:IIIRAL AXIS = ,Fb.3,/H [r, ICH,_St.) Lit;

222o IcD4'4AI'I43w(,21HI SI'[Gr:-.',xI__'I I',_S _A;_I'-LtI53K,12HSK[,',I _.;,_..;_ =1 tFS"4 _. IJ!!

2i',IERS = ,I _/'_3",(,l")aPll':t-I I._,xi.;t'H = ,,r:5.3,TH [NC)'t,-S/'_:'tK_, I.)U

321. HPAr'I_I. EI)_;E LElkt, TrIS = ,F6.3,SH AND ,r:6.3t7HJNCHESI53"X_ UU
414HI-'Ar',I-.'L O_PI'H : ,rb.3,/d [",JCHES/53<,_l_f_ r"LAl_l':_,_ L_"IGI"HS AI" S&[N :[,)U
5 ,FS.3,5H ANO ,F5.3,7H INCHESI53X,24HZ FREE FLANGE LENG'IHS = , UU

6F5.3,5H _'ql) ,r:5.3,/H [N,:H_S/ UU
753X,31HCALCULAlEU MIIJMENI" LIF INERTIA .= ,FI0.7,_-I IN_41 "... UU

H53X,23H_.LASi'IC,NEUFRA,_ AKIS = ,;5.3,7H [NCHP_'S/) IJH
22.'}(_ FIh,_Al(43X,15HPANEI. I. EBI(;IH = ,F6o2,TH INCHES/.. l_Jl

1,43X,I#HOA,\!_!. _4|I)I',I = ,#").Z,fd [Ni:H-_SII) tJtJ
224,) FIIR_a_II43X,17H_IEt:;AIIV_ Bi-A!)) ... UIJ
P.25() FIIR.4AF(43X,l. 3HPi)SI_" IV- 6,£A,)) IJLI
226,') Fi]R,vlAI( 53X,gHP, A_)IUS -- ,Fh.3,TH INCHESI53X_gHWU) TH = ,F6'.3, UIJ

17i4 I_';C.H_SI ) l.llJ

227() FI]R,'4A I( 43X_I3HAPPL IEI) I.UAI_S) _ UU
22_) Ff)P,,,tAr, 53J,(,L_H_J,,,lIF_I_,'4 P,t,.7. qg_J_.,tE) ULt
22'-.)O FllRt4/',ll 5_X,ISF-ISII,_PI P c,IJPP!II_tISt/ ) _. IJlJ
2"_r)(I FIIP..qAF_ 53X,I4HI,:IX.=:,) S l_'_hl_.r311 ) UU
2_3() FiIRI,-I [̂(bUX,Fh.R,7.X,I:6.Z,IIX,FS.3,L3X,F6.1) " OU
2_i FIIRrqAF ]HI,/+gX,:_3H.]K_:P P4'_)ICI'llI4 ,]']4r}U i"E il P _.]_R A 'd I 1 5 [ K

I2hH_I. ASIIC I)EFLECIIu_,i-SI.I_.h.IARY////23X IHBEAVl S.TAIIUN (INCHES))
2:150 FOR-IAr 13X,UH,'I4P:(.,II,_I),3X,tOIFS.2,5_I/21

2_O FIF)R(._AT( I3X,F7o2,3X,lO(67.4, _X } }
231H FIiR.,4Ar ]H

IFII'49X'33'-I]'R;'_P P4'-_)Igfl_Pd cIJ.VhJUl'Ea, p,_i,;Ra,,_l153/,,124HC_FEP FLFCTIUN SIJ,,l_AV.Y////23X,21H_EA!4 STA.JIIIN (INCHES])
2. .:'i_i +.! FIIP,_+iAI" I3K,SH::YCI._HX,[()(_b.P_,I)X )/ }
2"$9() FIIP,_IAI.{ IXX,I3,HX,IO{FLC,.5,1XI)

24rJO Ffi_t,,'i.^r IHI,49X,33rI_:R_'_P P,4;.,JICI'I_I4 C, liVIrllJfE_, ,J_"tlt;RA'vI//bl'J_
1231-#Rr=Sllltl_,L SFRESSES (PSI)II64X,f_IICYCLE ,13111J25X,
;_2ZHBFA.,I SFt_ll_),\l (I._CH-S) )

2_,Ii) _-llP,i_AT ('_X,6HHEII;H-I,6X,IfI(F6.2,5X)}
247(i FfIR,_IAf [3K,;_.4,bX,|(){,_I().2__ l_) )

2430 FIIRMAT( IH'I 49X,33HCREEP PREDICTIUN COMPUTER PP_IDGRAMI/STX_
123HCRE.-P gI_,A[NS (PEP,,:E,qF)//64X,o_ICY'Ci__. ,[3////2.hX,

221H_EA,_ STATION (INCHESI)

244n FflR,VIA r { 3X,hHHE IGHF ,6X, 10{ r:6.2,SX ) )
2450 FORMAT( 3X,F6.4,SX,IO(FIO.7,1XII "

ENO

l P ')3 L*)
lPb ._2l)
IPb3Ji)

I I-.'b ,.,4_)
I P ") .:tb I)
IP5 3hi)

I P b__/I)
IPb 3HO

IPb39(i
I P b 4OO
IPb_].O
rip 51"120

IP b _ .IO
IP5 4kO
lP b 450

IV5 460
IP5410

I 1Pb 4UO
IP5490

IPbbil(}
IPbblO
1Pbb20
tP553o
1 I.,'b 540
IPb_b()
Ivbb_()

IPDD (ij
Tv_630

IJU I P b,b _('I
UU ]P5650
ULJ I P b_6()
OtJ ]'PbO ((}

LILJ I F' b/_ _)
tJtj IPb6v(}
UIJ IP5 ¢00
IJU lPb (l(}
{ILl IPb (2_0
IJlJ ]P57 _(J
lltJ IPb(40
C}lJ IP5/be}
UtJ IFl_ i_O0

IJlJ I-Pb (10

[ItJ lPb ¢80
UU IP5#90
UU IP 54()O
OU'Irp58 10
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